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antioxidant mechanism o f  I,
The IfS '-d im er was iso la ted  a n d  fo u n d  to have no an tiox idan t 
p ro p er tie s  in  oil. A n o th er  reaction p ro d u ct o f  I, 2 ,4 ^d im eth y l-6 -  
ethoxyquinoline  was also p repared . I t  was fo u n d  to show  prooxidan t 
e ffe c ts  in  f i s h  oil.
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Lipid oxidation
Oxidative d e te rio ra tio n  can be of g rea t im portance in  p ro d u c ts  
contain ing u n sa tu ra te d  cen tre s . U nsaturated  fa tty  ac id s re a c t 
non-enzym ically w ith oxygen by  autoxidation and photooxygenation or 
th ey  may also be oxidized in  enzymic reactions. The most im portan t 
oxidation reaction  in  o ils and oil-contain ing p ro d u c ts  is  autoxidation,
Autoxidation
Autoxidation is  a  rad ical chain-reaction  involving th re e  s tep s ; 
in itiation , p ropaga tion  an d  term ination.
An allylic, re so n an ce-stab ilized , radical is  form ed th ro u g h  
reaction  of u n sa tu ra te d  com pounds (RH) with various in itia to rs  (!•)•
In itia tion RH + I R* + IH
An example is  th e  ab strac tio n  of hydrogen from th e  diallylic 
carbon-U  in  linoleate.
13
The linoleate rad ica l th e n  re a c ts  with oxygen to  p ro d u ce  finally  a  
m ixture of co n jugated  9 - and  13-diene hydroperoxides.
HX) OQH
The in itia to r can  be formed by d irec t therm al d issociation , 
metal ca ta ly sis  o r pho to lysis , b u t most often it is  a p ro d u c t of
h y d ro p ero x id e  decom position. When hyd ro p ero x id es  a re  p re se n t in  
low co n cen tra tio n  th e  decom position is monomolecular, o ften  catalysed  
by  m etals.
ROOH +--------------- ► RO- + OH" + M(n+1)+
and ROOH + ------► ROO* + H+ + M^+
At h ig h e r co n cen tra tions of hyd ro p ero x id es  th e  decomposition 
mechanism  becomes bim olecular.
2 ROOH  ROO* + RO- + H^O
The p ropagation , like th e  in itia tio n , d ep en d s  on how easily th e  
u n s a tu ra te d  c en tre  donates a  h yd rogen .
R‘ + Og — ROO*
Propagation
ROO* + RH ROOH + R-
The allylic rad ica l re a c ts  f i r s t  w ith oxygen, in  a v e ry  fa s t 
reac tio n , to  form a peroxy rad ical w hich th e n  a b s tr a c ts  a hydrogen  
from  a n o th e r u n sa tu ra te d  cen tre  in  a  much slow er, ra te  determ ining, 
reac tio n .
In  th e  absence  of in h ib ito rs , th e  term ination  reactions a re  
in te ra c tio n s  of th e  v a rio u s  rad icals  to  form  n o n -rad ica l p ro d u c ts .
Termination
2 ROO 
ROO- + R 
2 R
Non radical 
products
At m oderate oxygen p re s su re s , th e  most im portan t reaction  is 
betw een two peroxy rad ica ls  which, fo r secondary  peroxy  rad ica ls  a t 
room tem p era tu re , fu rn ish e s  a te tro x id e  in te rm ed ia te  which y ields a 
ke tone, an  alcohol and oxygen.
Secondary oxidation p ro d u c ts  a re  v e ry  many and include 
a ldehydes, ketones, alcohols and  h ig h e r molecular w eight p ro d u c ts .
Photooxygenation
Oxygen, normally in  th e  more stab le  tr ip le t  s ta te , can form 
s in g le t oxygen by e lectron ic  excitation  from th e  in te rac tio n  of lig h t 
and  a sen sitize r such as  ch lorophyll. E lectronic excitation  is also 
believed to occur th ro u g h  a d ire c t reac tion  betw een tra n s itio n  m etals 
and  oxygen. S inglet oxygen a d d s  to  an u n sa tu ra te d  carbon  atom and 
hydroperox ide  is  formed. This ene reaction  o ccu rs  w ith double bond 
m igration.
Photooxygenation of linoleate p ro duces a m ixture of fou r diene 
hydroperox ides.
II
I
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9-OOHA 10,12 (35%) 
lO-OOH A  8,12 (17%)
12-OOH A 9,13 (17%)
13-OOHA 9,11 (32%)
Photooxygenation is  much fa s te r  th an  au toxidation  (lO® -  10^) 
and  i t  has been su g g es ted  th a t autoxidation is in itia ted  by the
breakdown of hydroperoxides, firs t formed by photooxygenation (1-9),
A ntioxidants
A utoxidation causes a decrease  in  qua lity . Food and feed 
s tu f fs  become ranc id  with con seq u en t loss in  n u tr itio n a l quality , and |
p ro d u c ts  such  as ru b b e r  lose th e ir  c h a ra c te r is tic  p ro p e rtie s .
A ntioxidants a re  com pounds th a t  in h ib it o r slow down th e  
reac tio n  betw een oxygen and th e  u n sa tu ra te d  compound. Their 
im portance h as  long been recogn ised  by  v a rio u s  in d u s tr ie s , and  
re c e n t re se a rc h  has shown th a t th e y  a re  also v e ry  im portant in  life |
p ro cesses .
Preventjive an tiox idan ts
P rev en tiv e  an tiox idan ts a re  com pounds th a t  in h ib it o r decrease 
oxidation by  rem oving po ten tia l chain  in itia to rs .
Peroxide decomposing com pounds a re  p ro b ab ly  the most 
im portan t p rev en tiv e  an tioxidants. Ideally , th e y  should decompose 
th e  h y d ro perox ides to form non -rad ica l p ro d u c ts . Various su lp h u r 
con tain ing  an tiox idan ts fall in to  th is  c a teg o ry  (1 0 ).
Compounds such  as  EDTA, p o ly p h o sp h ates  and  c itric  acid 
in ac tiv a te  p ro -ox idative  metal ions (11).
P rev en tiv e  an tiox idan ts can  also o p e ra te  th ro u g h  th e ir  
re ac tio n s  w ith oxygen. Ascorbic acid  can  a c t a s  an  oxygen scavenger 
(11) and  caro ten e  is  a  s ing le t oxygen q u en ch er (1 2).
C h a in -b reak in g  an tiox idan ts
The in te rac tio n  betw een ch a in -b reak in g  an tiox idan ts  and the  
rad ica ls  p roduced  by autoxidation a re  ox ida tion -reduc tion  reactions.
E lectron  donating  ch a in -b reak in g  an tiox idan ts a re  oxidized in  the  
reactio n , b u t e lec tron  accep ting  ch a in -b reak in g  an tiox idan ts a re  
red u ced .
P robab ly  the  most im portan t an tiox idan ts a re  th e  e lec tron  
d o nating  ch a in -b reak in g  antioxidants* They in h ib it th e  p ro g re s s  of 
an  autoxidation chain by donating  a  h y d rogen  atom to  th e  peroxy 
rad ica l to  form a hydroperox ide, w hilst th e  an tiox idan t itse lf  p roduces 
a  s tab le  free -ra d ic a l which does no t in itia te  n o r p ro p ag a te  fu r th e r  
oxidation.
ROO* + AH ROOH + A-
E lectron donating ch a in -b reak in g  an tiox idan ts  a re  usually  
arom atic com pounds w ith a  hydroxy  o r a seco n d ary  amine g roup . 
The most commonly u sed  sy n th e tic  phenolic com pounds a re  BHA 
(b u ty la ted  hydroxyaniso le), BHT (bu ty la ted  h yd roxy to luene ), TBHQ 
(te rtia ry -b u ty lh y d ro q u in o n e ) and  PG (p ropy l galla te) (11), 
Compounds, p roduced  in  vivo, th a t  ac t as  e lec tro n  d o n a to rs  th ro u g h  
hy d ro x y  g ro u p s  include asco rb ic  acid (13), tocophero ls (14-16) and 
v a rio u s  phenols such  a s  rosm arydiphenoi iso lated  from  rosem ary 
leaves (17).
ÇH3
(CH3)3
C(CH3)3
CHs R2
BHT
CH3
Tocopherol
R=<CH2CH2CH2CH)3CH3 
Ot Rj=R2=CH3
p Ri=CH3,R2=H 
y Ri=H,R2=CH3 
S R p R 2=H
4
I
I
Secondary am ines also re a c t as  e lec tro n  donating  
c h a in -b re ak in g  an tiox idan ts. Various arylam ines such  as
N,N-diphenylam ine and  l,2 -d ih y d ro -2 ,2,4-trim ethy lqu ino line  a re  u sed  in  
ru b b e r  p ro d u c ts  (10). E thoxyquin (l,2 -d ih y d ro -6 -e th o x y -2 ,2 ,4 - 
trim ethylquinoline) is  a  v e ry  im portan t an tioxidant fo r p ro d u c ts  such  
a s  fish  meal.
C2 H5
Ethoxyquin
I t  is known th a t  bo th  secondary  a lky l- and  ary lam ines p ro d u ce  
oxidation p ro d u c ts  th a t  a re  them selves an tiox idan ts (lO, 18-22) w hich 
b r in g s  u s  to  th e  e lec tro n  accep tin g  ch a in -b reak in g  an tiox idan ts.
A possib le scheme fo r th e  mechanism of th e  inh ib ition  b y  a 
seco n d a ry  aryl-am ine can  be as shown below (18,23).
PhoNO-PhoNPhoNH PhjNOH
ROCH RO" Alkene + O2
ROD
Ph2N0  
ROOH
In  add ition  to  th is  mechanism, a  rad ica l addition  on th e  r in g  of 
th e  arom atic am ine-rad ical is possib le , p roducing  in th is  case a 
quinone-im ine (24).
+  ROO ROO
H
ROH +
N- \  /
/
Oxidation p ro d u c ts  of phenolic ty p e  an tioxidants a re  also known 
to have s tro n g  antiox idan t e ffec ts . Those a re  e ith e r
reso n an ce-stab ilised  rad ica ls , form ed a f te r  a b strac tio n  of h y d rogen  
from  th e  phenol, o r v a rio u s  qu inones eg tocophery lqu inone, vitam in 
K, benzoquinone o r rosm aryquinone.
.■XXl< CHsI CHCHs
B enzoquinone a -T o co p h e ro q u in o n e
ÇH3
R=(CH2CH2CH2CH)3CH3
The e ffec ts  of qu inones have o ften  been re la ted  to  low oxygen 
p re s s u re  and th e re fo re  a d ire c t reac tio n  with a lkyl rad ica ls , b u t th is  
is  no t alw ays th e  case (1 0 , 16, 25).
As many of th e  an tiox idan ts m entioned above a re  u sed  in food
and  feed s tu ffs , th e  po ssib ility  of toxcicity  m ust be considered . An 
in te re s tin g  way to red u ce  th e  ab so rp tio n  of th e  an tiox idan t is  to  use 
h igh  molecular w eight polym ers (26, 27).
E thoxyquin as  an  an tiox idan t
Ethoxyquin is  mainly u sed  in  p ro d u c ts  such  as fish  meal and  
v a rio u s  animal feeds, to  in h ib it lip id  au toxidation  and  to  p re se rv e  
caro ten e  and vitam in A (28-31). I t  is  also used  as  a  p o s t-h a rv e s t  dip 
fo r app les to  p re v e n t scald  (brow n spo ts) which is th o u g h t to  be 
caused  by  oxidation of « -fa rn e sen e  (32-35), and  to  p ro te c t some 
pigm ents in  sp ices (36). A lthough not commonly used  in  food 
p roduce , ethoxyquin can  be ab so rb ed  from feed  by  animals, and 
su b seq u en tly  consumed by  hum ans from  meat, milk o r eg g s  (37, 38).
Amongst o th e r th in g s , e thoxyquin  has been  found to  in te rfe re  
w ith hepatic  d ru g  metabolism and to  cau se  u l t r a s tru c tu ra l  ch anges in 
h epatic  cells (39). On th e  o th e r hand , i t  h as  been  shown to  p ro tec t 
mice from toxic doses of p y rro liz id in e  alkalo ids (40), and  to  reduce  
carcinogenic  and toxic e ffe c ts  of v a rio u s  poly  cyclic h y d ro ca rb o n s  (41, 
42).
As a secondary  amine, e thoxyquin  m ight be expected  to  form an 
N -nitrosoam ine by  reactio n  w ith n itr ite , o ften  p re s e n t in  food, u n d e r 
mildly acidic conditions. Many N -nitrosoam ines a re  known to  p roduce  
can ce r in  experim ental anim als (43). However, e thoxyquin  was found 
to  in h ib it nitrosoam ine form ation in  bacon and  model system s (44, 45),
A utoxidation of fish  meal
In  th e  UK, fish  meal is a  p ro d u c t obtained  by d ry in g  and 
g rin d in g  fish  or fish  w aste to  which no o th e r  m atter has been  added
(46). The world p roduction  of fish  meal was o v e r fo u r million tonnes ÿ
p e r  annum  in  th e  ea rly  seven ties  (47), and  g iven  th a t fish  oil f
p ro d u c tio n  has rem ained v irtu a lly  th e  same betw een 1975 and 1985 f
(48), i t  has p robab ly  not changed much.
The fish  o r fish  w aste is u sually  cooked, th e  oil and  w ater 
rem oved by  p re ss in g  and  th e  solids d ried  to  approxim ately  1 0 % w ater I
c o n ten t (46). The oil co n ten t can v a ry  from 5-20% depend ing  on th e  4
raw  m aterial and  th e  p rocessing . ,,
Due to  th e  h igh  u n sa tu ra tio n  of fish  oil, f ish  meal is read ily
%autoxid ized  w ith a  consequen t decrease  in  n u tr itio n a l and en erg y
i
value. Lipid autoxidation in  fish  meal also  cau se s  h ea t-p ro d u c tio n  
w hich can  ev en  lead to  spontaneous com bustion of s to re d  meal (49,
50).
The p re -p ro c e ss  h is to ry  of th e  meal a ffe c ts  the  ra te  of 
au toxidation . For example, if a low quality  raw  m aterial is u sed , #
oxidation is  likely  to  be fa s te r . As has been  m entioned before, 
v a rio u s  m etals ca ta ly se  autoxidation. Heme and  non-hem e iron  has 
been  shown to ca ta ly se  autoxidation in  many model and  food system s 
(51, 52), and  i t  is  known th a t con tac t of f ish  fle sh  w ith th e  iron  
p a r ts  of f ish  p ro cessin g  equipm ent in c rease s  lip id  oxidation (53, 54).
The r is k  of spon taneous heatin g  in  fish  meal can  be decreased  
b y  "cu ring" ie heating  th e  meal and  allowing th e  autoxidation to  
p roceed  before  s to rin g  o r tra n s p o r t  (49, 55). However, if  th e  
n u tr itio n a l and  e n e rg y  level is  to be m aintained, an tiox idan ts will 
have to  be used .
E thoxyquin is th e  most commonly used  an tiox idan t in  fish  meal 
an d  i t  has p roved  v e ry  effic ien t in  p re v e n tin g  oxidation of lip ids and 
o th e r  com ponents, such  as  methionine (56).
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The p u rp o se  of th is  in vestiga tion  w as to  gain  fu r th e r
u n d e rs ta n d in g  of th e  behav iour of e thoxyquin  and i ts  oxidation
p ro d u c ts  as an tiox idan ts
11
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2.1 In troduction
Ethoxyquin (l,2-dihydro--6-ethoxy~2,2,4 -trim ethy lqu ino line) was 
p re p a re d  mainly to  gain  experience  before th e  p re p a ra tio n  of th e  
rad io labelled  compound. Some of i ts  d e riv a tiv es  w ere also p re p a re d  
to  examine th e ir  physica l p ro p e r tie s  and  e ffec ts  on lipid au toxidation .
All NMR sp ec tra  a re  shown in  Appendix I of th is  ch ap te r , and  
th e  re s u lts  a re  sum m arised in  Tables 1 and 2 in th e  same appendix . 
Mass sp e c tra  a re  shown in  A ppendix II.
2.1.1 Ethoxyquin
The p ro d u c t of ac id -ca ta ly sed  condensation of acetone and  
an iline  was th o u g h t by K noevenagel (57) to  be th e  ace to n e-an il (I). 
C raig (58) su g g es ted  th a t  th e  p ro d u c t was l,2 -d ih y d ro -2 ,2 ,4 - 
trim ethy lqu ino line  (II) b u t could not eliminate th e  p o ssib ility  of 
l,4 -d ih y d ro -2 ,4,4 -trim ethy lqu ino line  (III).
.CHsa  -
H
II I
Elliott and  Yates (59) po in ted  out th a t d e sp ite  sp e c tra l 
inform ation favou ring  th e  1,2 -d ihy d ro q u in o lin e , some fu r th e r  ev idence 
was needed. They showed th a t  by  oxidation of the  ace ty l d e riv a tiv e  
of II and  III w ith a p e rm an g an a te -p erio d a te  re a g en t (60, 61), two 
possib le  s tru c tu re s  IV and  V, w ith th e  form ula Oi^H^yNO^ could be 
ob ta ined .
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N=C-CH2~C-NH
CH3 - o -
CH3<CH3
T herefore , w hen one mole of p -p h en e tid in e  (6 -e thoxyan iline) is  
h ea ted  w ith two moles of acetone in  p resen ce  of iodine, e thoxyqu in  
(l,2 -d ihydro-6~ethoxy-2 ,2 ,4-trim ethylquinoline) VI is  form ed.
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OOCHb 0 0 %
IV V
The p ro d u c t w as shown to  be IV, by i ts  positive  iodo form te s t ,  
e s tab lish in g  th e  s t ru c tu re  of II. i
Tung (62) showed th a t the reaction  p ro b ab ly  p roceeded  by  th e  
following mechanism:
i
C2H5 C2H5
+  2 CH3COCH3
NH2
VI
2.1.2 2.4~Dimethyl“»6~ethoxyquinoline
When a solution of e thoxyqu in  in  ch lo robenzene is  refluxed  
(1 0 0  ®C) in  th e  p resen ce  of oxygen, 2 ,4 -d im ethy l - 6 ~ethoxyquinoline 
(VIII) is  form ed almost q u a n tita tiv e ly  (63), The reaction  was show n 
to  be a  rad ica l ch a in -reac tio n , w here  e thoxyqu in  g ives an u n s tab le  
rad ica l (VII) which th en  decom poses to  form VIII and  a m ethyl rad ica l 
(64-66).
C2H5 C2H5
N "CHj
VII
C2H5
CH,
VIII
This reaction  also ta k es  place w hen n ea t e thoxyquin  is h eated  
in  th e  p resen ce  of oxygen, and  e thoxyqu in  decom poses in th is  way 
w hen in jec ted  onto a  GC-column a t h ig h e r tem p era tu res .
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2.1.3 li2"Dihydro-6-etho»y-2«2.4-trimethylquinoline-nitrc>xide
Secondary amines can  be oxidised by  re a g e n ts  such  as 
h y d ro g en  peroxide in  th e  p re sen ce  of m olybdate o r v an ad a te  to form 
a fre e  n itroxide rad ical.
R , R'
NIH
Oxidation R, ^R'NIO '
N.
o -
Nitroxide rad ica ls  a re  stab ilised  by delocalisation  of th re e  
TT-electrons over th e  n itro g en  and  oxygen atoms. The e n e rg y  gained 
b y  th is  délocalisation in  two molecules is more th a n  th e  en e rg y  
gained  by  dim érisation th ro u g h  an  oxygen-oxygen bond. Though 
v e ry  stab le  in  solid s ta te , n itrox ide rad icals  a re  much le ss  s tab le  in  
so lu tion  (67, 6 8 ).
Lin and  Olcott (69) claimed to have p re p a re d  an d  Isolated  
e thoxyqu in -n itrox ide  (IX) in  p u re  form, by reaction  of e thoxyqu in  and  
h y d ro g en  peroxide in  th e  p re sen ce  of sodium t u n g s ta te  an d  EDTA.
C2H5
%
C2H5
NajWO^/EDTA
They la te r  mentioned problem s of purifica tion  of th e  n itrox ide  (70).
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2,1.4 2.6--l>ihydro-2.2.4-triinethyI~6-quinolone
2,6-D ihydro-2 ,2 ,4-trim ethyl~6-quinolone (XI) has been  shown to 
be form ed from ethoxy q u in  u n d e r d iffe ren t conditions.
B onnett e t al (43), found th a t a reaction  of ethoxy quin  w ith 
n itro u s  acid p ro d u ces  prim arily  w hat is th o u g h t to be th e  1-n itro so  
d e riv a tiv e  (X). This compound is read ily  oxidised f u r th e r  to  p roduce  
XI.
C2H5 C2H5
-BQNQ _
NO
X
XI
When ethoxyqu in  was fed to  ra ts , XI was found  in an  e th y l 
ace ta te  ex trac t of u rin e  sam ples, b u t in  v e ry  small am ounts and  most 
likely  as an  oxidation p ro d u c t of l,2 -d ih y d ro - 6 -h y d ro x y -2 ,2 ,4 -  
trim ethy lqu ino line  (71),
2.1.5 1.8*~Di-(l,2-dihydro~6-ethoxy~2.2t4-trimethylquinoline)
l,2 -D ihydro-2 ,2 ,4-trim ethylquinoline (II) form s a 4,6*-dimer (XII) 
w hen heated  w ith a tra c e  of acid, b u t e thoxyqu in  did  no t dim erise 
u n d e r  th e se  conditions (72),
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%  Œ s
XII
A prim ary  reactio n  p ro d u c t of e thoxyquin  in  app les was a 
l,8 '~dim er (XIII) (33) and  Kato e t al (73), d iscovered  th e  form ation of 
th e  same dimer by exposing  e th o x y q u in  to a ir  fo r 4 months.
C2H5
XIII
2.1.6 l«2~Dihydro--6-hydroxy~2.2«4~trimethylquinoline
E th ers  can  be c leaved  by  ac id s  u n d e r v igo rous conditions. An 
a ry l-a lk y l e th e r  y ields a  phenol and  an  a lky l halide w hen re flu x ed  
w ith  hy d ro g en  halides, because  of th e  lower re a c tiv ity  of th e  
a ry l-o x y g en  bond (74).
By reflux ing  e thoxyqu in  w ith  hydrobrom ic acid, l,2-dihydro~6~ 
h y d ro xy-2 ,2,4-trim ethyIquino line (XIV) is  form ed (75).
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C2H5
CH3 HBr ^^3 _L O U T3^  'i
XIV
'■ ;f
5
This compound is  also form ed a s  a  m etabolite of e thoxyqu in  in 
r a t s  (71).
R esu lts  and  D iscussion
2.2 P rep ara tio n  of labelled  a n d  un labelled  e thoxyqu in
2.2.1 P rep a ra tio n  a t  d if fe re n t co n d itions
The p ro d u c t of th e  ac id -ca ta ly se d  condensation  of acetone and  
p -p h en e tid in e  is l,2 -d ih y d ro -6 -e th o x y -2 ,2 ,4 -trim eth y lq u in o lin e  
(ethoxyquin). Since e thoxyqu in  is  p re p a red  fo r in d u s tr ia l u se  and  
read ily  available, it was made on ly  to  p rov ide  experience  fo r u se  in  
th e  p rep a ra tio n  of the  rad io labelled  compound.
The reaction  was c a r r ie d  o u t in  a so lven t to  make handling  of ,j
small q u an titie s  of re a g e n ts  e as ie r , and  to  gain  b e tte r  co n tro l of th e  |
reac tio n  tem peratu re . Of th e  two so lven ts  tr ie d , xylene p ro v ed  
b e t te r  than  toluene because  of i t s  h ig h e r boiling po in t (bp 137-144 |
.0). I
Assuming th a t  th e  G C -response (FID) fo r  a  compound depends 
only  on th e  ra tio  of carb o n  atom num ber and th e  m olecular w eight, 
e thoxyqu in  and N ,N -dim ethylaniline have a v e ry  sim ilar re sp o n se  |
(14/217.1 = 6.4 X lO*"^  and  8/121.1 = 6 .6  x 10""^). T h erefo re , by u s in g  - j
N ,N-dim ethylaniline as a  s ta n d a rd , th e  yield of e thoxyqu in  form ation *
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can  be calculated from th e  ra tio  of the  two peaks. Because of a  
therm al breakdow n, e thoxyquin  sometimes g ives two peaks, and  th e  
sum of those p eak -a reas  is u sed  in  th e  calculations.
In  F igure 2.2.1 th e  yield of e thoxyquin form ed, based  on
acetone, is p lo tted  ag a in s t time. The second reaction  g ives th e  
h ig h e s t yield (90% a fte r  28 h o u rs ) , b u t both th e  GO and  TLC re s u lts  
ind ica te  th a t  e thoxyquin  is  not completely s tab le  u n d e r  the
experim ental conditions. The TLC re su lts  all had a  sim ilar p a tte rn , 
ethoxyquin  (Rf 0 .8 8 , f lu o rescen t, g re e n  a fte r sp ray in g ) in c reas in g  a t 
f i r s t  and th en  e ith e r d ecreasin g  o r s tay ing  co n stan t. p -P h en e tid in e  
(Rf 0.39, d a rk  blue) is  seen  in  all th e  samples and  a t th e  la te r  s tag es  
va rio u s  breakdow n p ro d u c ts  can be seen.
The w ater formed in  th e  second reaction  was m easured 1.7 ml
(0,09 mole) and th is  a g re e s  well w ith a  yield of approxim ately 90%,
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F ig u re  2,2.1 S y n th esis  of e thoxyqu in  u n d e r vario u s  cond itions, y ield  
(%) v s  time (h r).
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2.2.2. P reparation  of unlabelled ethoxyquin
By TLC of th e  e th e r  frac tio n s , i t  was seen  th a t  th e  f i r s t  two 
acid  e x tra c ts  removed p rim arily  u n reac ted  p -p h en e tid in e . A fter 
rem oving th e  e th e r , th e  la s t  two frac tio n s  to g e th e r y ie lded  38.8 g 
(26.3 an d  12.5 g) of im pure e thoxyquin .
E thoxyquin came o ff th e  ad so rp tio n  chrom atography  column 
betw een  1100 and 3000 ml, an d  a f te r  removal of th e  so lv en t a yellow
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oil (15.1 gf  28% yield) was ob ta ined . Two minor im purities were seen 
by TLC, one small spo t (flu o rescen t) in f ro n t of ethoxyquin , the  o th e r 
(g reen) was ju s t  behind .
2.2.3 Preparation of ^^C-ethoxyguln
Before s ta r tin g  to  h ea t th e  reactio n  m ixture, i t  a lread y  showed 
th re e  TLC spo ts; a b ig sp o t fo r p -p h en e tid in e  (Rf 0.14), a small 
unknow n spo t (Rf 0.43, g reen ) and  an  ev en  sm aller one fo r
ethoxyquin  (Rf 0.50). The p la te  scan  gave low co u n ts  a t Rf 0.43 and 
0.50, and some count was also o b serv ed  a t Rf 0.14 w hich is likely to 
be e ith e r an  in te rm ed ia te  o r tra c e s  of acetone c a rr ie d  by th e  
p -p h en e tid in e . The sp o ts  a t  Rf 0.43 and  0 .50  ind ica te  th a t the
reac tio n  s ta r ts  imm ediately on mixing a t room tem p era tu re . A fter 
h ea tin g , e thoxyquin  gave  a b ig  sp o t w ith a h igh  coun t, and  a d a rk  
sp o t w ith a  high co u n t (seen  w ithou t sp ray in g ) w as a p p a re n t on the  
baseline, p -P h en e tid in e  gave  as  before  a  b ig sp o t w ith v e ry  low 
co u n ts .
In  F igure  2.2.2 th e  rad io ac tiv ity  co u n ts  in  each  frac tio n  from 
th e  chrom atography column a re  shown as a  p e rcen tag e  of to ta l 
ac tiv ity . I t  shows a peak , ru n n in g  in  f ro n t of e thoxyquin , contain ing  
3% of the  to ta l coun ts. F rac tions 23 -  29 (550 -  725 ml) w ere
combined to  give yellow oil (0,47 g, 25.5% yield). Total coun t in
th o se  frac tio n s  was 1,54 x 10® dpm (69,9 ju Ci, 13.9% yield) which g ives 
an  ac tiv ity  149.2 C i/g.
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F igure  2*2,2 P u rification  of ^^C -ethoxyquin by ad so rp tio n  column 
chrom atography. R adioactiv ity  co u n ts  in  each frac tio n  (% of to ta l) v s  
e lu tion volume (ml).
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The second p re p a ra tio n  p roduced  a v e ry  d a rk  oil w hich was 
pu rified  by  p re p a ra tiv e  HPLC. Table 2.2.1 shows th e  frac tio n s  
collected from each  p re p a ra tiv e  ru n  (>99% ethoxyquin  by  HPLC).
Table 2.2.1 F rac tions co llected  from  p rep a ra tiv e  HPLC
Run
Fraction
num ber
E lution 
volume (ml)
9-18
8-18
7-15
6-14
96-132
92-132
92-124
92-124
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F ig u re  2.2.3 shows th e  coun ts  in  each frac tio n  from the  second 
r u n  a s  a p e rc en ta g e  of to ta l coun ts  ag a in s t th e  e lu tion  volume.
F ig u re  2.2.3 P urification  of ^^C -ethoxyquin by  p re p a ra tiv e  HPLC. 
R adioactiv ity  co u n ts  in  each frac tio n  (% of to tal) v s  elu tion  volume 
(ml).
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Due to  th e  b ig g e r volume of the  la s t frac tio n s , th e ir  peak a re as  
a re  no t in  p ro p o rtio n  to  th e  count p e rcen tag e . In  add ition  to th e  
e thoxyqu in  peak , th re e  m ajor peaks can  be seen . They contain  
approxim ately  15, 7 and  5% of th e  to ta l co u n ts  re sp ec tiv e ly , w hereas 
th e  e thoxyqu in  peak  con ta in s 70%.
The same sample was in jec ted  onto  an an aly tica l column and  
f ra c tio n s  collected  and  rad io ac tiv ity  m easured (F igure  2.2.4). The 
main peak  (ethoxyquin) con tains 60% of th e  to ta l co u n ts , and th e  
f i r s t  peak  con ta in s  12%.
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F ig u re  2.2.4 ^^C-Ethoxyquin  before p u rifica tion . Counts (% of total)
in  frac tio n s  from an  analy tica l HPLC column v s  e lu tion  volume (ml).
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The com bined frac tio n s  from th e  p re p a ra tiv e  HPLC purifica tion  
of ^*C -ethoxyquin (0.67 g, 35,8% yield) gave a to ta l coun t of 2.47 x 
10® dpm (111.3 /u Ci, 22.2% yield) so th e  ac tiv ity  was 166.1 fÂ C i/g.
The p u rif ied   ^*C~ethoxyquin gave only  one peak  by  HPLC. The 
co u n ts  in  each  frac tio n  a re  shown in F igure  2.2.5, and  a p a r t  from a 
v e ry  low coun t in  th e  m ethanol frac tio n , only one peak  is  seen.
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F ig u re  2.2.5 Purified  ^■'♦C-ethoxyquin by  analy tical HPLC. C ounts in 
frac tio n s  (% of total) v s  e lu tion  volume (ml).
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2.3 Spectroscopic p ro p erties  of ethoxyquin
The ^H-NMR spec trum  shows p eak s fo r the  r in g  su b s ti tu e n ts  a t
1.25 ppm (C(2 )-(CH@)2 , s, 6 H), 1.98 ppm (C(4 )-CH3 , d, 3H, J -2.5 Hz), 
1.37 ppm (-CHg-CHg, t, 3H, J -7.5 Hz) and 4.05 ppm (-CH2 - ,  q, 2H, J 
-7.5 Hz). T here a re  two b ro ad  p eaks a t 3.42 ppm (N-H, s , IH) and 
5,45 ppm (C(3)~H, d, IH, J  -2.5 Hz) b u t the  reso lu tion  of th e  arom atic 
reg io n  peaks is not good enough  to  allow defin ite  in te rp re ta tio n . This 
sp ec tru m  ag rees  well w ith p rev io u s ly  published  re s u lts  (62). By 
com parision to  o th e r com pounds th e  ^®C-NMR sp ec tru m  has  almost 
been  in te rp re te d  fully .
In  the  mass spec trum , th e  molecular ion of m /e 217 (M+, 36%) 
loses a  m ethyl g roup  to  g ive an  ion of m/e 202 (M^-15, 100%), or th e
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ethoxy g ro u p  to  give an  ion of m /e 188 (M+-29, 11%), The m /e 174 ion 
(202-28, 94%) is form ed by  a loss of e thy lene  th ro u g h  M cLafferty 
rea rran g em en t (78) from th e  m /e 202 ion. The m /e 174 ion can  th e n  
lose OHO to  give an  ion of m /e 145 (202-29, 33%). This spec trum  is  in  
good agreem ent w ith re s u lts  by Skaare  and  Dahle (79) excep t th a t  
th e ir  spectrum  shows an ion of m /e 144 in s tead  of m /e 145.
The IR -spectrum  shows th e  expected N-H s tre tc h in g  band a t 
3360 cm*"^* Bands a t 1495 cm*"  ^ and  1575 cm“  ^ a re  typ ica l of arom atic 
com pounds, and a s tro n g  band a t  1255 cm'"*- is  expected fo r arom atic 
e th e rs .
The UV-spectrum  of e thoxyquin  (ethanol) has ab so rp tio n  
maxima a t 229 nm (log € 4.35) and  358 nm (log e 3.41).
2.4 P reparation  of 2«4-dimethyl-6-ethoxyquinoline
Our G C -investigation shows th a t ethoxyquin  decomposes w hen 
hea ted  (250 ®C), to  form  one p ro d u c t almost q u an tita tiv e ly  (F igure  
2.4.1). This p ro d u c t was la te r  shown to  be 2 ,4 -d im ethy l-6 -e thoxy- 
quinoline.
A fter heating  ethoxyquin  (280 °0 , 13 min) a d a rk  and  v iscous 
p ro d u c t was obtained . I t  showed two major sp o ts  by  TLC; 
e thoxyqu in  (Rf 0.55) and  an unknow n (Rf 0.17, f lu o rescen t). The 
d e sired  p ro d u c t was e lu ted  from a silica adsorp tion  chrom atography  
column betw een 2800 and  3150 ml and  w hen th e  so lven t was rem oved, 
lig h t brow n c ry s ta ls  (mp 86-87 ®C, 39% yield) were obtained .
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Fisfure 2.4,1 Decomposition of e thoxyquin  a t 250 and  form ation of 
2,4- dimet h y l-6 -e thoxy  quinoline.
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P rep a ra tio n  of 2 ,4 -d im ethyl-6-ethoxyquinoline by  re flu x in g  
ethoxyquin  in  xylene, in  th e  p re sen ce  of oxygen, gave a m ixture (3.88 
g) of solid and  oil. A fter c ry s ta llisa tio n  from petroleum  e th e r , lig h t 
brow n c ry s ta ls  (mp 8 6  -  87 30% yield) w ere ob tained .
The ^H-NMR spectrum  was assigned  as follows. Two m ethyl 
g ro u p s  gave s ignals  downfield of those in e thoxyquin , a t  2.39 ppm (s, 
3H) and 2,60 ppm (s, 3H), ind ica ting  a fu lly  arom atic system . The 
ethoxy peak s a re  a t 1.38 ppm (-CH^, t, 3H, J ~7,5 Hz) and  4.00 ppm 
(-CH2 - ,  q, 2H, J ~7.5 Hz), The arom atic reg ion  p eak s  a re  a t 6.97 ppm 
(0(3)-H, 8 , IH), 7.02 ppm (C(5)-H, d, J -3 Hz), 7.35 ppm {C(7)-H, dd , 
IH, J  ~3, 11 Hz) and  8.01 ppm (C(8 )-H, d, IH, J ~11 Hz). This spectrum  
a g re e s  well w ith th a t  of G allagher and S ta h r (80), b u t th e ir  
in te rp re ta tio n  of th e  arom atic reg ion  a ss ig n s  th e  7,02 ppm and th e
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8.01 ppm peaks to  C{8 )(-H and C(5)-H re sp ec tiv e ly . The ^®0-NMR
spectrum  was in te rp re te d  as  can be seen  in appendix  1.
The molecular ion of m /e 201 (M+, 77%) can lose e thy lene  as
does e thoxyquin, to  form an  ion of m /e 173 (M+ -28, iOO%) which by
losing CHO gives m /e 144 (173-29, 15%).
The IR spectrum  shows th a t  th e  N-H s tre tc h in g  h as
d isappeared . The U V -spectrum  (ethanol) has ab so rp tion  maxima a t  
232 nm (log € 4.62), 265 nm (log € 3,58), 322 nm (log € 3.59) and 335 
nm (log c 3.61).
2.5 Preparation of l,2-dihvdro-6-ethoxy-2,2,4-trim ethylquinoline-
nitroxide
A reaction  of ethoxyquin  (1.0 g) w ith hy d ro g en  peroxide, in th e  
p re sen ce  of sodium tu n g s ta te  and  EDTA, p roduced  a d a rk  re d  v iscous 
oil (0.85 g). By TLC th is  oil gave fou r main spots; e thoxyquin  (R f 
0.68), an  unknow n compound (Rf 0,82, flu o rescen t, blue), a  d a rk  re d  
spo t belived to  be th e  n itrox ide (R f 0,58) and a yellow spo t (R f 0.23). 
F igu re  2.5.1 shows th e  HPLC chrom atogram  fo r th e  same sample.
The peaks a t 1,59, 2.08, 2.82 and  14,58 m inutes co rre sp o n d  to  
th e  fou r main TLC spo ts. The peak  a t 1.59 m inutes is belived to  be a 
dimer of ethoxyquin, while e thoxyqu in  is  e lu ted  a t 2,08 m inutes and  
th e  n itroxide a t 2,82 m inutes. The peak a t 14.58 m inutes was la te r  
shown to be 2 ,6-d ihydro-2 ,2 ,4 -trim ethy l-6-qu ino lone-N -oxide.
When an  a ttem pt was made to iso late  the  n itrox ide by  
ad so rp tio n  chrom atography th e  n itroxide, which orig inally  was seen  
as  a red  band, d isappeared  and th e  main p ro d u c t was a more po lar, 
c ry sta llin e , yellow compound (mp 103.5 -  105.5 °C, 50% yield). This 
reaction  also occu rred  on TLC p la te s , and th e  reaction  p ro d u c t was
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shown to be 2 ,6 -d ih y d ro -2 ,2 ,4 -trim eth y l-6 -q u in o lo n e“N~oxide.
Fisfure 2.5.1 HPLC chrom atogram  of c ru d e  p ro d u c t from  th e  
p rep a ra tio n  of e th o x y q u in  n itrox ide.
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3
. :
I t  is  known th a t when th e  fre e  e lec tro n  in  n itroxide can 
délocalisé in  an  arom atic system  th e  s tab ility  is  d ecreased  (6 8 ). The 
form ation  of th e  quinolone-N -oxide (II) from e thoxyqu in  n itroxide (I) 
could be:
C2 H5 C2H5
.4
C2H5
N+ "CH3 
O-
C2H5
+
II
The th re e  m ethyl g ro u p s  of th e  quinolone-N -oxide give ^H-NMR
p eak s  a t  1.60 ppm (0 (2 ) - ( 0 Hg)2 * s , 6 H) and 2.07 ppm (C(4 )-CH3 , d , 3H,
J  '^2 Hz). The fo u r r in g  p ro ton  p eaks a re  a t  6.11 ppm (C(3)~H, s, IH),
6.25 ppm (C(5)-H, d, IH J -2 Hz), 6.60 ppm (0(7)-H , dd, IH, J -2 , 12.5
Hz) and  7.99 ppm (C(8 )-H, d , IH, J  -12.5 Hz).
The mass spectrum  shows a  m olecular ion m /e 203 (55%,
m easured  203.0937, calcu lated  203.0947) which by e ith e r losing 
oxygen o r CHO p ro d u ces  ions of m /e 187 (M+ -  16, 95%) and  m /e 174
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(M^ -  29, 50%). The m /e 174 ion then  successive ly  lo ses two m ethyl 
g ro u p s  to  p roduce  ions of m /e 159 (174 -  15, 53%) and  m /e 144 (159 -  
15, 100%).
As expected, th e  IR -spectrum  of th e  quinolone-N -oxide show s 
no band fo r th e  N-H s tre tc h in g  in  ethoxyquin. Two medium s tro n g  
bands a t 1320 and  1220 cm"*  ^ a re  c h a rac te ris tic  fo r  quinoline-N -oxides 
(81). The U V -spectrum  (ethanol) has ab so rp tio n  maxima a t 320 nm 
(log c 4.25) and  378 nm (log e  4,26).
M icroanalysis re s u lts  w ere 70.87% C, 6.36% H and  6.80% N: 
calcu lated  fo r 0 1 2 ^ 1 3 ^ 0 2  is  70.92% O, 6.45% H and  6.89% N.
Ivanov e t al (75), re p o rte d  th e  form ation of th is  com pound from
l,2 -d ih y d ro -6 -h y d ro x y -2 ,2,4-trim ethyIquinoline. The ^H-NMR sp ec tru m  
produced  by  them  is  not un like  ou rs , b u t th e ir  in te rp re ta tio n  is  
s lig h tly  d iffe ren t. They position th e  C(3)-H fu r th e r  downfield th a n  
th e  C(5)-H which d isag ree s  w ith re su lts  of quinoline-N -oxide (81). 
The m elting poin t of th e ir  p ro d u c t is  51 -  53 w hich is v e ry  close 
to  o u r va lue  fo r th e  co rre sp o n d in g  quinolone (52 -  53.5 °C, sec tion  
2.6).
In  an attem pt to  iso la te  ethoxyquin  n itrox ide  b y  p re p a ra tiv e  
HPLC, th re e  main p ro d u c ts  w ere obtained. An unknow n yellow 
c ry s ta llin e  compound believed to  be a dimer of e thoxyqu in , was 
e lu ted  f i r s t  (74 -  90 ml, 8 % yield), next th e  n itrox ide , a  re d  
am orphous solid (147 -  180 ml, 6 % yield, mp 67 -  69 ®C) and  fina lly  
th e  main p ro d u c t, quinolone-N -oxide, was e lu ted  in  th e  la s t  500 ml 
(29% yield),
The ^H-NMR fo r th e  ethoxy qu in -n itrox ide  is ty p ica l of a  free  
rad ical, th e  peaks a re  v e ry  broad and reso lu tion  v e ry  poor. The 
mass spectrum  shows a molecular ion of m/e 232 (M+, 70%) which by
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losing  th re e  m ethyl g ro u p s  form s ions of m /e 217 (M+ -15, 34%), m /e 
202 (217 -  15, 100%) and  m /e 187 (202 -  15, 27%). The ion g iv ing  th e  
base  peak  a t m /e 202 can  also lose th e  ethoxy group  to g ive m /e 173 
ion (202 -  29, 55%) and th e  m /e 159 ion is  form ed th ro u g h  M cLafferty 
rea rran g em en t from th e  m /e 187 ion (187 -28, 13%). Two big  p eak s  
w ere seen  a t m /e 144 (25%) and  129 (43%) and minor im purity  p eak s  
(<1%) a t m/e 246 and 247. This spectrum  is  v e ry  d iffe ren t to  th e  
one pub lished  by  Lin and  Olcott (69) w here th e  molecular ion peak  is 
v e ry  small (1%).
The IR -spectrum  does not include much usefu l inform ation 
a p a r t  from th e  d isappearance  of th e  N-H s tre tch in g . The 
U V -spectrum  (ethanol) has ab so rp tio n  maxima a t 238 nm (log € 4.40), 
311 nm (log € 3.99), 388 nm (log € 3.41) and  460 nm (log e  3.29). The 
f i r s t  two w avelengths a re  similar to  w hat has p rev iously  been  
re p o rte d , b u t o u r molar ab so rb tiv itie s  a re  about 6-9 times h ig h e r 
th a n  those  of Lin and Olcott (69),
M icroanalysis showed th e  com position to be 72.03 %C, 7,76% H 
and  5.99% N: calculated  fo r Oi^HieNOg is  72.38 %C, 7.81% H and 6.03%N.
Those re s u lts  su p p o rted  by ESR w ork (C hapter 3) ind ica te  th a t 
th e  p ro d u c t is l,2 -d ihydro -6~ ethoxy-2 ,2 ,4 -trim ethy lqu ino line-n itrox ide,
2.6 P rep a ra tio n  of 2 .6 -d lhydro -2 .2 .4 -trim ethy l-6 -qu ino lone
The reaction  m ixture of e thoxyqu in  and te r t-b u ty lh y d ro -  
perox ide  contained th re e  m ajor reactio n  p ro d u c ts  as seen by TLC. In 
add ition  to ethoxyquin  (Rf 0.54) one could see a  spot, la te r  shown to 
be th e  l,8 *-dimer of e thoxyquin  (Rf 0.63), fluo rescen t, b lue), an  
unknow n yellow spo t (Rf 0.33) and a small spot (Rf 0.20, fluo rescen t) 
th o u g h t to be 2 ,4 -d im ethy l-6 -e thoxy-qu ino line .
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The acid ex trac t of th e  m ixture (red  oil, 0.24 g) contained  two 
main peaks (HPLC); e thoxyqu in  (1.76 m inutes) and  an  unknow n (3,98 
m inutes). I t  is in te re s tin g  to see th a t the  dimer is no t ex trac ted  
w ith  th e  acid.
From th e  p re p a ra tiv e  HPLC, a yellow solid was e lu ted  (174 -  204 
ml, 15% yield, mp 52 -  53.5 ®C) and  w hen examined by  analy tica l HPLC 
it  con tained  only one peak  (3.98 m inutes).
In  th e  ^H-NMR spec trum , th e  th re e  m ethyl g ro u p s  g ive peaks 
a t  1.40 ppm (C(2 )-(CH3 )2 , s, 6 H) and  1.98 ppm (C(4 )-CH3 , d , 3H, J  -2 
Hz). The r in g  p ro to n s  give peak s  a t  6.32 ppm (C(3)-H, m, IH), 6.45 
ppm (C(5)-H, m, IH), 6.62 ppm (C(7)-H, dd , IH, J -2.5, 12.5 Hz) and 7.17 
ppm (C(8 )-H, d, IH, J -12.5 Hz). With th e  help  of a non-coupied  
sp ec tru m , th e  ^®C-NMR spec trum  was fuUy in te rp re te d .
The mass spec trum  shows a molecular ion a t  m /e 187 (52%,
m easured  187.0988, calcu la ted  187.0997) which loses a  m ethyl g ro u p  to  
g ive an  m /e 172 ion (M+ -  15, 20%, m easured 172.0762, calcu lated  
172.0762) o r CO to  give m /e 159 ion (M+ -28, 44%, m easured  159.1055, 
calcu la ted  159.1048). Loss of a m ethyl g ro u p  from m /e 159 g ives an
m /e 144 ion (159 -  15, 100%, m easured 144.0807, calcu la ted  144.0813).
The ^H-NMR and the  m ass-sp ec tra  a g ree  v e ry  well w ith r e s u lts  by  
B onnett e t al (43).
The IR -spectrum  shows a s tro n g  band a t 1635 cm""^ fo r th e  C=0 
s tre tc h in g , and th e  ab sence  of th e  N-H s tre tc h in g  band . The 
U V -spectrum  (ethanol) has ab so rp tio n  maxima a t  209 nm (log € 4.40), 
248 nm (log c  4.12), 258 nm (log €  4.12), 285 nm (log € 4,18) and 364 
nm (log € 3.82).
M icroanalysis re s u lts  w ere 77.10% C, 7,13% H and  7.43% N;
ca lcu la ted  fo r  C^gHiaNO is 76.99% C, 6.99% H and 7.48% N.
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2.7 Preparation of li8*-di-(l,2-dihydro-6-ethoxy-2.2.4-triinethyl- 
quinoline)
A solid m aterial (mp 107 -  109 °C, 40% yield) was obtained from 
th e  hexane ex trac t of th e  acidified reaction  m ixture of ethoxyquin and 
te rt-b u ty lh y d ro p e ro x id e . I t  was p u rified  by p re p a ra tiv e  HPLC and  
frac tio n s  contain ing  only one peak  by analy tica l HPLC (1.75 m inutes, 
e thoxyqu in  2.20 m inutes) w ere collected (78 -  96 ml) to  give a lig h t 
brow n solid shown to be th e  l,8 '-d im er of ethoxyquin .
The and ^^C-NMR sp e c tra  w ere in  agreem ent with th e  
s t ru c tu re  of th e  l,8 *-dimer.
The mass spectrum  shows a molecular ion of m/e 432 (52%) 
w hich by losing th re e  m ethyl g ro u p s  g ives ions of m /e 417 (M"*" -  15, 
100%), 402 (417 -  15, 18%) and 387 (402 -  15, 13%). By losing an  
ethoxy  g roup  th e  m/e 402 ion g ives an ion of m /e 373 (402 -  29, 
13%). The dimer is cleaved in two w ays to form an  unexplained ion of 
m /e 215 (M+/2 -  1, 6 %) and  an ion of m /e 201 (M+/2 -  15, 56%). Those 
ions th e n  both lose e thy lene  to give ions of m /e 187 (215 -  28, 17%) 
and  173 (201 -  28, 50%).
The IR -spectrum  shows a v e ry  small band a t 3350 cm“  ^ for one 
N-H s tre tch in g . The U V -spectrum  (petroleum  e th e r) has two 
ab so rp tio n  maxima a t 242 nm (log € 4.55) and  380 nm (log € 3.73).
M icroanalysis showed a com position of 77.61% C, 8.43% H and 
6.42% N: calcu lated  fo r CjeHjgNgOj is 77.75% C, 8.39 H and  6.48% N.
2.8 Preparation of 1.2-dihydro-6-hydroxy-2.2.4-trim ethylquinoline
By reflux ing  e thoxyquin  in  hydrobrom ic acid , l,2 -d ih y d ro -6 - 
hydroxy-2 ,2 ,4 -trim ethy lqu ino line  is  form ed. The p ro d u c t was 
c ry s ta llise d  from toluene to give co lourless c ry s ta ls  (mp 170 -  172 °C
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(decomp.), yield 50%).
Before c ry s ta llisa tio n , two spo ts  w ere seen  by  TLC, th e  
hydroxyquinoline (Rf 0.31, f lu o rescen t, g reen) and an  unknow n (Rf
0.12, fluo rescen t). When sp ra y in g  w ith aqueous fe rr ic  ch lo ride  (1%), 
th e  hydroxyquinoline sp o t became yellow, b u t no reactio n  was seen  
fo r th e  o th e r one.
On th e  ^H-NMR sp ec tru m  th e  th re e  m ethyl g ro u p s  g ive p eak s  a t 
1.20 ppm (C(2 )-(CH3 )2 , 8 , 6 H) and  1.91 ppm (C(4 )-CH3 , d, 3H, J  -2Hz). 
The amino hyd rogen  g ives a  peak  a t 4.45 ppm (N-H, s, IH) and  th e  
phenolic hydrogen  a t 7.23 ppm (-0H, s, IH), The 3 -carbon  h y d ro g en  
g ives a peak a t 5.33 ppm (C(3)-H, d, IH, J -2 Hz) b u t th e  arom atic 
reg ion  reso lu tion  is not good enough  to allow in te rp re ta tio n .
The mass spectrum  g ives a  molecular ion of m /e 189 (M'*‘, 12.3%, 
m easured 189.1161, calcu la ted  189.1154) which by  losing th re e  m ethyl 
g ro u p s  g ives ions of m /e 174 (M+ -  15, 100%), 159 (174 -  15, 6 %) and  
144 (159 -15, 8 %). By losing  CO from the  m /e 159 ion, an  ion of m /e 
131 is  ob tained  (159 -  28, 3%).
The IR -spectrum  shows a small band a t 3300 cm"^ fo r th e  O-H 
s tre tc h in g , b u t the  N-H s tre tc h in g  band is  not seen because i t  is  
p robab ly  included in th e  nu jo l ab so rp tio n  band. The U V -spectrum  
(ethanol) has two ab so rp tio n  maxima a t 227 nm (log € 4.36) and  356 
nm (log € 3.41).
M icroanalysis re s u lts  w ere 76.59% C, 8.10% H and  7.42% N: 
calcu lated  fo r C^j^isNO is  76.16% C, 7.99% H and 7.40% N.
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APPENDIX I NMR SPECTRA
Table 1 ^H-NMR Chemical Shift (ppm)
COMPOUND (02) (C4) -OCH^ -0(Solvent) N-H C3-H C5-H C7-H C8 -H -CHa -CHa -CHa -CHa
la (CCI4 ) 3,60 5.22 1.19 1.94 na na
2 & (CCI4 ) na 6,79 7.60 7.92 2,53 2.40 na na
3 (CDClg) 3.42 5.45 1.25 1.98 1.37 4.05
4 (CDCla) na 6.97 7.02 7.35 8 . 0 1 2.60 2.39 1.38 4.00
5 (CDCIa) na 6 . 1 1 6.25 6.60 7.99 1.60 2.07 na na
6 (CDCla) na 6,32 6.45 6.62 7.17 1.40 1.98 na na
gb ((CDg)2 C0 ) 4.45 5.33 1 . 2 0 1.91 na na
7 (CDCla) 3.95 5.34
5.43
6.7
6.7
6.48
6,7
6.07 0.95
1.16
1 . 2 2
1.30
1.99
2.06
1.36 3.95
a Ref 76
b 7.23 ppm {-OH, s ,  IH)
1. l,2-D ihydro-2,2,4-trim ethylquinoline (76)
2. 2,4-Dimethylquinoline (76)
3. l,2-D ihydro-6-ethoxy-2,2 ,4-trim ethyIquinoline
4. 2,4“Dimethyl“6“ethoxyquinoline
5. 2,6-D ihydro-2,2,4-trim ethyl-6-quinolone-N -oxide
6. 2,6-Dihydro-2,2,4“trim ethyl-6-quinolone
7. l,8’-D i-(l,2 -d ihydro“6-ethoxy-2,2,4-trim ethylquinoline)
8. l,2 -D ihydro-6-hydroxy-2,2 ,4-trim ethylquinoline
9. 2,6-Dime th  y Iquinoline (77)
10. 6-M ethoxy-2-m ethylquinoline (77)
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1, 2-Dihydro-6-ethoxy-2,2 « 4-trimethylqiiinoline
y
Vk. I Jil IL j m _ A _
ppm 7 6 5 4 3 2
L J
1 0
ppm 180
AwJW*wW
120 60 0
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2,4-Dimethyl-6~ethoxyquinoline
ppm 7 6 5 4 3 2 1 0
ppm 180 0120 60
40
1,2~Dihydro-6~ethoxy~2.2,4-trimethylquinoline-nitroxide
ppm 7 6 5
2 « 6~Dihydro~2,2 »4-trimethyl-6-quinolone-N-oxide
ppm 7 6 5 4 3 2 1 0
41
2 ,6~Dihydro~2♦2 « 4-trimethyl-6-quinolone
r~
 I L J j i Â i
ppm 7 3 25 46 1 0
180 120ppm 6 0
42
1.8*-Di-(1.2-dihydro-6-ethoxy-2.2.4~trimethylauinoline)
0ppm 7 6 5 4 3 2 1
60
w W v
0120180ppm
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1,2-Dihydro-6-hydroxy-2,2.4-trimethylauinoline
ppm
44
APPENDIX II MASS SPECTRA
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S O M E  O F  I T S  0 3 C i i > A " r i o i s y  r > i e o i > u o T S
3.1 In tro d u c tio n
An unpaired  e lec tro n  has sp in  and a m agnetic moment and , like 
th e  p ro ton , i t  has a sp in  quantum  num ber S = The allowed sp in  
s ta te s  (2S + 1) a re  two and  of equal en erg y  in  th e  ab sence  of an  
e x te rn a l m agnetic field . However, in  th e  p re sen ce  of an  app lied  
m agnetic field th e  e lec tro n  can e ith e r a lign  its e lf  para lle l o r 
an tip a ra lle l to th e  app lied  field . The d ifference  in  th e se  e n e rg y
s ta te s  is  g iven  by,
AE = HP = g/3H
if g is a dim ensionless p ro p o rtio n a lity  co n stan t (2.0023 fo r th e  fre e  
e lec tro n ), is  th e  Bohr m agneton and H is th e  applied  m agnetic field . 
By app ly ing  electrom agnetic  rad ia tion  of chang ing  fre q u e n c y  V, th e  
e lec tro n  can  move from one s ta te  to th e  o th e r. In  p rac tice , th e
freq u en cy  is usually  k e p t c o n stan t and the  m agnetic field  v a ried .
The most u sefu l c h a ra c te r is tic  of ESR sp e c tra  is  th e  h y p e rfin e  
sp littin g , caused  by  in te ra c tio n s  betw een the  u n p a ired  e lec tro n  and  
vario u s  m agnetic nuclei (^H, ^‘♦N, etc). A p ro to n  has  th e  sp in  I
= a  and  w ith th e  num ber of n uc lear sp in  s ta te s  g iven  as 21 + 1, th e  
in te rac tio n  of an  u n p a ired  e lec tro n  with a single p ro to n  will re s u lt  in  
a 1:1 doublet spectrum . On th e  o th e r hand, an  in te ra c tio n  w ith  a 
n itro g en  nucleus (I = 1) will give a  1:1:1 tr ip le t spec trum  (82, 83).
E thoxyquin, as  an  an tiox idan t, is expected  to  donate  a
h y d ro g en  ra th e r  easily  to  give th e  am ino-radical (I). The
am ino-radical th en  can  re a c t w ith a p e ro x y -rad ica l to  g ive an alkoxy- 
and  a n itro x id e- rad ical (II) (84).
\  \N* +  ROO* ^  NO* +  RO*
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Lin  a n d  O lco tt (69) a n d  S k a a re  a n d  H en rik  s e n  (85) p u b l is h e d  sim ila r 
s p e c t r a  o b ta in e d  fro m  e th o x y q u in ,  c o n s is t in g  of a  t r i p l e t  o f d o u b le ts ,  
b u t  th e i r  a s s ig n m e n t w as fo r  th e  tw o d i f f e r e n t  r a d ic a l s  II  a n d  I 
r e s p e c t iv e ly .
C2H5
I I
E th o x y q u in  a n d  t h r e e  o f i t s  o x id a tio n  p r o d u c t s  h a v e  now  b e e n  
exam ined  b y  ESR in  a n  a t te m p t  to  g a in  k n o w le d g e  a b o u t  th e
m echan ism  o f t h e i r  a n t io x id a n t  a c tio n .
R esults and  D iscussion
3.2. ESR sp e c tra  of rad ica ls  ob ta ined  from e thoxyqu in
T he E S R -s p e c tru m  o b ta in e d  from  e th o x y q u in  in  n - h e p ta n e  o r  
to lu e n e  (1 x 10” ^M) sh o w e d  a  t r i p l e t  o f d o u b le ts  w ith  a n  is o tro p ic  
h y p e r f in e  s p l i t t in g  ^  10.8 Gs a n d  ^ _ 8  3.8 Gs. In  th e  s p e c tru m
(F ig u re  3.2.1), som e f in e r  s p l i t t in g  is  a lso  o b s e r v e d .  T he  se c o n d  
d e r iv a t iv e  s p e c tru m  o b ta in e d  from  e th o x y q u in  in  d i - t e r t -
b u ty lp e ro x id e  (250 K) c o n s i s t s  o f th e  p r e v io u s ly  s e e n  t r i p l e t  o f
d o u b le ts  ( ^  10.8 Gs a n d  4.1 G s). H o w ev er, w h e n  th e
te m p e r a tu r e  is  r a is e d  (306K) a  m uch  m ore d e ta i le d  h y p e r f in e  s p l i t t in g  
becom es a p p a r e n t  (F ig u re  3 .2 .2 .). T h is  s p e c tru m  is  t h o u g h t  to  b e  o f 
e th o x y q u in  n i tro x id e  (II) a n d  w ill b e  d i s c u s s e d  f u r t h e r  in  th e  n e x t 
s e c t io n .
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D ifferent sp ec tra  from the  ones p rev io u sly  shown w ere obtained 
by UV-ir rad ia tion  of e thoxyquin  solutions (F igure  3.2.3). The 
h y p e rfin e  sp littin g  co n stan ts , obtained w ith th e  help  of Dr R, A. 
Jackson , U n iversity  of Sussex, are:
Group 8 (Gs)
N 7.72
C(4)-CH3 0.12
C(2)-(CHa)2 1.00
-O-CH2- 1.01
C(3)-H 1.60
C(5)-H 2.51
C(7)-H 3,99
C(8)-H 4.11
The com puter simulation is also shown in F igure  3.2.3. This spectrum  
is  p ro b ab ly  of th e  am ino-radical (I) formed by  a b s trac tio n  of a 
h y d ro g en  from th e  n itrogen .
I t  was in te re s tin g  to  find  th a t a t high co n cen tra tio n s  (0.5 M), 
no s ignal was observed .
The fac t th a t e thoxyqu in  is p a rtia lly  co n v erted  to  its  nitroxide 
in  th e  p resen ce  of oxygen o r a peroxide, s u p p o rts  th e  possib ility  
th a t  a f te r  a b strac tio n  of th e  amino hyd rogen , th e  n itrox ide can play 
a ro le  in  th e  an tiox idant mechanism of ethoxyquin .
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Figure 3.2.1 ESR spectrum obtained from ethoxyquin in heptane or
toluene (1 x 1 0 ”  ^ M). 306 K, 9.3 GHz.
10 Gs
F ig u re— 3.2.2 ESR spectrum  (second de riv a tiv e ) obtained  from
ethoxyqu in  in  d i- te r t-b u ty lp e ro x id e  (1 x 1 0 ~ 2  M), 306 K, 9.3 GHz.
10 Gs
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Figure 3.2.3 ESR spectrum obtained from ethoxyquin in n-heptane (1
X 1 0 - 2  M) after UV-irradiation. 290 K, 9.3GHz. Below is a computer
simulated spectrum.
10 G s
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3.3 ESR spectra  o f e th oxyq u in  nitroxide
As was shown in sec tion  3.2, th e  ESR sp ec tru m  of e thoxyquin  
n itrox ide  was a p p a re n t befo re  U V -irradiation of e thoxyqu in  solutions.
A solution of th e  p u re  n itrox ide  in  benzene (lO’*'* M) gave th e  
spec trum  shown in F igu re  3.3.1. The tr ip le t sp littin g  10.6 Gs) is 
sim ilar to the  p rev io u sly  o b se rv ed  values. The following h y p e rfin e  
sp littin g  co n stan ts  w ere ob ta ined  u sin g  a com puter sim ulation {Figure
3.3.2);
Group
N
C(4)-CH3
C(2)-(CH3)2
C(3)-H
C{5)-H
C(7)-H
C(8 )-H
a (Gs) 
10.6 
0.33 
0.48 
1.01
1.29
1.29 
3.61
F ig u re  3.3.1 ESR sp ec tru m  (second d eriva tive) of e thoxyquin  
n itrox ide  in benzene (1 x 1 0 " M). 306 K, 9.3 GHz.
10 Gs
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F igure 3.3.2 Part o f the low field ESR spectrum  (second d eriva tive) of
ethoxyquin  nitroxide in  b en zen e (1 x 10“  ^ M). 306 K, 9.3 GHz. Below
is  a computer sim ulated spectrum .
3 Gs
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3.4 ESR sp e c tra  of rad ica ls  ob ta ined  from l«2-dihydro-‘6-hydroxy~
2,2 .4-trim ethy lqu ino line an d  2 .6 -d ihyd ro -2 t2 t4 -trim ethy l-6 -qu ino lone
A solution of th e  hydroxyquino line in  te r t-b u ty lb e n z e n e  (1 x 
1 0 - 2  gave, when ir ra d ia te d  w ith UV-light, a  sp ec tru m  th o u g h t to 
be d e riv ed  from a m ixture of th e  amino- and  h y d ro x y -rad ica ls  
{Figure 3,4.1a). The p eak s  which p robab ly  re s u lt  from th e  
am ino-rad ical a re  m arked, and  th e  possib le  h y p e rfin e  sp littin g  
c o n s ta n ts  4.6, ^*05 Gs and  flH-7 4,36 Gs) g ive th e  com puter
sim ulated  spectrum  shown in  F igu re  3.4.1b. The p roposed  sp littin g  
c o n s ta n ts  do not com pare fav o u rab ly  w ith those  of am ino-radicals 
ob ta in ed  from e thoxyqu in , o r com pounds su ch  a s  
te rt-b u ty l-(4 -m eth o x y )am in y l (III) (8 6 ).
l k ^ ^ ^ ^ C ( C H 3 ) 3
I I I
A fter irrad ia tio n  fo r a few m inutes, th e  sp ec tru m  changed  
(F ig u re  3.4,1c) and  a p re c ip ita te  ap p ea red . This hap p en ed  fa s te r  with 
th e  add ition  of a  d ro p  of d i- te r t-b u ty lp e ro x id e ,
2 ,6 -D ihydro-2 ,2 ,4 -trim ethy l-6 -qu ino lone  in  n -h e p ta n e  (1 x 1 0 “ 2  
M) gave a spectrum  sim ilar to  th e  one in F ig u re  3.4.1a when 
UV-ir rad ia ted  (F igure  3,4,2), The spec trum  th en  changed  as  did  the  
sp ec tru m  of th e  hydroxyquino line, and  th is  ch an g e  w as fa s te r  w ith 
th e  add ition  of d i- te r t-b u ty lp e ro x id e .
57
F ig u re  3,4.1a ESR spectrum  obtained  from l,2 -d ih y d ro ~ 6 -h y d ro x y -
2 ,2 ,4-trim ethylquinoline in  te r t-b u ty lb en z e n e  (1 x 1 0 ~ 2  m). 306 K, 9.3 
GHz.
30 Gs
3.4.1b A com puter sim ulated spectrum .
3»4.1c The spectrum  a fte r  add ition  of d i- te r t-b u ty lp e ro x id e .
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F ig u re  3,4.2 ESR sp ec tru m  of 2 ,6 -d ihydro-2 ,2 ,4 -trim ethy l-6 -qu ino lone  
in n -h ep tan e  (1 x lO"^ M). 290K, 9.3 GHz. Below is th e  spectrum  a fte r
add ition  of d i- te rt-b u ty lp e ro x id e .
30 Gs
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A possible mechanism fo r th e  an tiox idan t e ffec ts  of
l,2 -d ihyd ro -6~ hydroxy-2 ,2 ,4 -trim ethy lqu ino line  (IV) could be as
follows.
ROO
HD
ROOH
ROOM
IV
N "CH3
o r
ROO
ROOH
V
It seems th a t th e  6 -qu ino lone  compound (V) can, fo r example 
w hen U V -irradiated ch ange  back  to  th e  d i-rad ica l form, and  th e re fo re  
be a  good accep to r fo r rad ical add ition . This is p robab ly  th e  
explanation  fo r th e  form ation of th e  p re c ip ita te  and  th e  change of th e  
spec trum . The p ro d u c ts  could e ith e r  be d i- o r polym eric, o r th e  
re s u l t  from add ition  of a  te r t-b u to x y  rad ical.
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4.1 In troduction
In th is  c h ap te r  th e  o rig in  of the  fish  meals and  oils, and th e ir  
lipid analysis, a re  d esc rib ed . The oil con ten t (chloroform  ex tractab le  
m aterial) of th e  fish  meal was m easured and fa t ty  acid  analysis  was
ca rrie d  out on th e se  e x tra c ts  and on th e  fish  oils.
Autoxidation of th e  fa t changes th e  fa t ty  acid  profile. The 
e ffec t of e thoxyquin  and  2 ,6 -d ih y d ro -2 ,2 ,4 -tr lm e th y l~ 6 ~quinolone on 
th e  autoxidation of th e  fa tty  acids and on th e  am ount of chloroform 
ex trac tab le s  in  South  A frican fish  meal a re  d iscu ssed  in  section  4.4.
All an tiox idan t co n cen tra tio n s  in fish  meal a re  g iven as a
p e rcen tag e  based  on th e  oil co n ten t, which was assum ed to be 1 0 %.
4.2 Source of experim ental m aterial
Samples of fish  meal from South Africa and  Chile w ere p rovided  
fo r th is  re se a rc h  th ro u g h  lAFMM. Both w ere sealed u n d e r n itrogen  
while still f re sh . I t  was d iscovered  la te r, th a t  th e  Chilean meal
contained  ethoxyqu in  (>0.5%) which had been ad d ed  in  production . 
This meal was th e re fo re  only used  in  one experim ent.
Samples of oils sealed u n d e r n itrogen  w ere also  p rov ided , and
a sample of f re s h  oil was obtained  from a fish  meal fac to ry  in
A berdeen. T hree fu r th e r  sam ples of oil w ere obtained by
cen trifu g a tio n  from fro zen  f re sh  m ackerel and  h e r r in g  and  a fo u rth  
sample (cod liv e r oil), ex trac ted  by th e  same m ethod, was prov ided  
by  th e  T orry  R esearch  S tation.
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R ésulta  and  PiscuBsion
4.3 F a tty  acid analyais and  oil c o n ten t o f f ish  meal
The am ount of oil ex trac ted  from m ackerel and  two samples of 
h e r r in g  is shown in  Table 4.3.1. The two h e rr in g  oils will be
re fe r re d  to  as HI and  H2.
Table 4.3.1 Oil ex trac tion  from h e rr in g  and  m ackerel
Source % oil ex trac ted
H erring  (Hi) 5
H erring  (H2) 7
M ackerel 8
The oil co n ten t (chloroform  ex trac tab les) of th e  South A frican 
and  Chilean fish  meals is  shown in  Table 4.3,2
Table 4.3.2 Oil co n ten ts  of f ish  meals
Source Oil co n ten t (%) (n = 2)
South  A frica 9.66 ± 0.04
Chile 10.56 ± 0.21
Both meals have an  oil c o n ten t close to  lO% a s  is  assum ed in  
th e  oxidation m easurem ents.
The fa tty  acid com position of th e  oils is  shown in Table 4.3.3. 
The am ount of each fa tty  acid has  been  calcu lated  to  give a to ta l 
100%. All th e  sam ples con tain  a  h igh  p e rcen tag e  (20-40%) of
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p o ly u n sa tu ra ted  fa t ty  acids which makes them su scep tib le  to au toxidation . 
In  all the  sam ples except th e  South African meal, th e  fa tty  acids 
m easured a re  betw een 65 and  80% of the  oil. This to g e th e r with th e  
fac t th a t th e  am ount of p o ly u n sa tu ra ted  fa tty  acids is much lower in 
the  South A frican meal th an  in th e  Chilean meal, su g g e s ts  p rio r  
oxidation which would not happen  to the  Chilean meal, because it 
a lread y  contained ethoxyquin .
Although not obvious from th ese  re su lts  it  was considered , 
from th e ir  colour and  smell, th a t th e  oils from th e  fish  meal p lan ts  
were of in fe rio r q u a lity  to th e  o th e r oils.
4.4 E ffects of an tiox idan ts
The oil co n ten t and th e  fa tty  acid composition w ere m easured 
in fish  meal a f te r  18 w eeks incubation  a t 30 ®C. The re s u lts  a re  
shown in Tables 4.4.1 and  4.4.2.
Table 4.4.1 Oil co n ten t of fish  meal
Antioxidant Oil (%) (s, n = 2)
None 8.9 (0.5)
EQ 0.1% 9.5 (0.4)
EQ 0.5% 10.0 (0.0)
QLO 0.1% 9.6 (0.3)
QLO 0.5% 10.2»
8 = s tan d a rd  deviation
EQ = ethoxyquin
QLO = 2 ,6 -d ihydro-2 ,2 ,4^trim ethyl-6-quinolone 
® only one sample
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The oil co n ten t (chloroform  ex trac tab le  m aterial) decreases  over 
th e  18 week period  of s to rag e  a t 30 u n le ss  an  antioxidant is
p re se n t. This is  because oxidised oil is  le ss  so lub le  in  chloroform , 
a n d /o r  is bound to  o th e r  com ponents of th e  meal (87, 50),
In  Table 4.4,2 it can be seen  th a t th e  p o ly u n sa tu ra ted  fa tty  
ac id s  a re  equally  well p ro tec ted  by both  an tio x id an ts . The bottom 
row shows th e  14 fa tty  acids as  a  p e rc e n ta g e  of th e  chloroform 
e x tra c ts , and  i t  is  s lig h tly  h ig h e r fo r  h ig h e r  con cen tra tio n  of 
an tiox idan ts. The lipid analysis  fo r th e  meal con tain ing  0,5% 
an tio x id an ts  Ind icate  th a t th e  sample of o rig in a l meal was sligh tly  
oxidised before an alysis .
If  th e  sam ples con tain ing  0,5% an tio x id an ts  a re  tak en  to have 
th e  o rig in a l fa tty  acid composition, th e  re la tio n s  betw een fa tty  acid 
loss an d  oxygen u p tak e  in  th e  o th e r sam ples can  be ob tained  (Table
4,4,3). If a  reac tio n  of only one mole of oxygen is assum ed with each 
f a t ty  acid , th e n  i t  can  be shown from th e  re s u l ts  th a t  th e  oxygen 
u p tak e  is 11-18 tim es b ig g e r th an  can  be explained  by  a single 
perox idation  of th e  lo s t fa tty  acids.
Table 4.4.3 Oxygen u p tak e  and  loss of f a t ty  ac id s  in  fish  meal
Antioxidant
Oxygen uptake 
(iUnole/g oil)
Loss of fatty 
acids (jumole/g oil
EQ 0.1% 
None 
EQ 0.6%
2069 (6135) 
2556 (±207.5) 
776 (±63)
109
227
W aissbluth e t al (8 8 ), explained th e ir  sim ilar r e s u lts  in  term s of
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th e  reaction  of th e  fa t ty  acids with more th a n  one mole of oxygen. I
However, if all double bonds of the  lost fa tty  ac id s  would reac t w ith I
oxygen, th e  to ta l oxygen up tak e  is still h igher th a n  th e  loss of fa tty  
acids. This in d ica tes  th e  p resen ce  of some o th e r  reac tio n s  involving 
u p tak e  of oxygen.
The 14 m easured fa tty  acids w ere only 45% of th e  ex tractab le  
oil. The re s t ,  o th e r  lipid m aterial and  ex trac tab le  oxidation p ro d u c ts , 
in add ition  to  th e  more po lar (non-ex tractab le) p e r  oxidised lip ids, can 
p ro b ab ly  co n tr ib u te  sign ifican tly  to  the  oxygen u p tak e . A lthough I
chloroform  ex trac ted  fish  meal showed no ten d en cy  to  re a c t with
oxygen (8 8 ), Zirlin and Karel (89) found th a t in  th e  p resen ce  of 
linoleate, ge la tine  u n d e rg o es  various changes, p o ssib ly  due to rad ical 
oxidation of th e  p ro te in , in itia ted  by linoleate p e ro x y -rad ica ls .
y V T J T O X I O W T X O l S r  O B '  B ' I S H  M B IA ^IL .
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5.1 Introduction
M ethods fo r th e  determ ination  of lipid au tox idation  can be 
d iv ided  in to  th re e  g ro u p s. D eterm ination of:
a) P rim ary  o r secondary  reaction  p ro d u c ts
b) D ecrease in  s u b s tra te  co n cen tra tion
c) Oxygen u p tak e
The p rim ary  autoxidation p ro d u c ts  of u n s a tu ra te d  fa tty  acids 
a re  allylic hyd roperox ides (5). They and  most o th e r  peroxides re a c t 
w ith  potassium  iodide in  acid solution to  lib e ra te  iodine, which th en  
can  be t i tra te d  w ith  th io su lp h a te . In  th e  la te r  s tag es  of th e  
au toxidation , th is  method becomes less  u se fu l because  th e  peroxides 
b reak  down to  form v a rio u s  secondary  p ro d u c ts .
In  th e  form ation of hyd roperox ides from  p o ly u n sa tu ra ted  fa tty  
ac id s , con jugated  d ienes a re  formed (3). M easuring th e  increase  in  
a b so rp tio n  a t 233 nm can  th e re fo re  be a u se fu l m ethod of following 
th e  p ro g re s s  of oxidation. In  complex sy stem s like fish  meal 
how ever, o th e r com ponents a re  likely  to  cause  in te rfe re n c e .
Chain fiss ion  of th e  hydroperox ides leads to  th e  form ation of a 
v a r ie ty  of lower molecular w eight p ro d u c ts . M alondialdehyde is  a  
seco n d ary  au toxidation  p ro d u c t of f a t ty  acids w ith th re e  or more 
double bonds and in  th e  TEA (th io b a rb itu ric  acid) te s t  th e  absorp tion  
a t  532 nm is m easured. This is  th e  ab so rp tio n  maximum fo r th e  
reac tio n  p ro d u c ts  of m alondialdehyde and  2 -th io b a rb itu r ic  acid (90). 
One d isad v an tag e  of th is  method is  th a t  o th e r a ld eh y d es  and oxidized 
p ro te in  can  re a c t w ith 2 - th io b a rb itu r ic  acid to  g ive p ro d u c ts  
ab so rb in g  a t  th e  same w aveleng th  (91).
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A m ongst o th e r  m e th o d s , b a s e d  on  s e c o n d a ry  p r o d u c t  fo rm a tio n , 
a r e  c o lo u r im e tr ic  d e te rm in a t io n  o f to ta l  c a rb o n y l  c o m p o u n d s  a s  t h e i r
2 ,4 - d in i t r o p h e n y lh y d r a z o n e s ,  a n d  a ld e h y d e  a n d  p e n ta n e  a n a ly s is  b y  
GC (90).
V ario u s  G C -sy s tem s  h a v e  b e e n  u s e d  to  m e a su re  th e  d e c re a s e  of 
c e r t a in  u n s a tu r a te d  f a t t y  a c id s  in  a u to x id is in g  s y s te m s .
O xygen  u p ta k e  c a n  b e  d e te rm in e d  e i th e r  b y  m e a s u r in g  c h a n g e s  
in  g a s  com position  a b o v e  a  sam p le  in  a  c lo se d  v ia l , o r  b y  m an o m etric  
te c h n iq u e s .  T he W a rb u rg  c o n s ta n t  vo lum e te c h n iq u e  w h ich  is  
d e s c r ib e d  b y  U m b re it et al (92) m e a s u re s  th e  p r e s s u r e  d e c re a s e  in  a  
f la s k  o f a  know n  vo lu m e. T h is  m ethod  is  w id e ly  u s e d  fo r  
a u to x id a tio n  m e a s u re m e n ts  in  f is h  m eal, a n d  o x y g e n  u p ta k e  
m e a s u re m e n ts  h a v e  b e e n  s t r o n g ly  reco m m en d ed  b y  v a r io u s  w o r k e rs ,  
f o r  p r o d u c ts  s u c h  a s  f r e e z e  d r ie d  m ea ts  (93).
F ig u r e  5.1.1 W a rb u rg  m a n o m e te r  o p e ra t io n
a CIOa
a
I
I
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The p ro ced u re  fo r th e  W arburg oxygen up take  m easurem ents is 
i llu s tra te d  in F igu re  5.1.1. At th e  s ta r t  of th e  experim ent th e  columns 
of manometric fluid a re  a d ju s ted  to  a certa in  mark (a). U ptake of 
oxygen is seen  as  a d ifference  in  he ig h t in  th e  two colum ns (b), th e  
flask  side column is a d ju s te d  to th e  mark (constan t volume) and  th e  
read in g  tak en  (c). C hanges in  atm ospheric p re s su re  and small 
va ria tio n s  in  tem p era tu re  a re  m easured and co rrec ted  fo r by u se  of 
an  em pty flask  connected  to  a  manometer.
Two assum ptions a re  made:
a) P re s su re  decrease  is  only  due to  reactions of th e  lip id s  and 
oxygen.
b) No gases such  as carb o n  dioxide a re  being evolved from th e  
sample.
In  fish  meal, some p ro te in  oxidation may occur, b u t a t v e ry  low 
level com pared to  th e  lipid autoxidation. W aissbluth e t al (8 8 ) s ta ted  
th a t  a f te r  so lven t ex trac tion , fish  meal showed no ten d en cy  to  ab so rb  
oxygen. However, Zarlin and  Karel (89) su g g ested  th a t lip id -perox ide  
in itia ted  p ro te in  oxidation o ccu rred  in  model system s.
B acterial g row th  in  the  sample can cause carb o n  dioxide 
form ation which would a ffec t th e  re su lts . This is not a  problem  in 
oils, and  th e  low w ater ac tiv ity  in  fish  meal should in h ib it b ac te ria l 
g row th . However, i t  has been shown th a t some carbon  dioxide does 
evolve from fish  meal (94), b u t th is  is not s ign ifican t below 60 ®C.
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4
Oxygen up take  (/Lftnol/g oil) = P x k 
w here
273 X IQ6 I
k = (V -  w /d) X -----------------------------------   I
H X Wj X T X 2.24 x 10*
and  P = p re s su re  change  (mm)
V z volume of fla sk  and  manometer (ml) I
w z w eight of sample (g)
wj z w eight of lip id  (w z wj fo r oil) #
d^  = density  of sample (g/m l)
T z experim ental tem p e ra tu re  (K)
H z 760 mm Hg
^ estim ated 1.4 g/m l fo r fish  meal (95) and  0.9 g /m l fo r  oils, %
The main ad v an tag e  of th e  W arburg m anometric tech n iq u e  is its  
accu racy  and sen s itiv ity , nor does i t  m easure reac tio n  p ro d u c ts  
w hich a re  g rea tly  d ep en d en t on th e  s u b s tra te  system  composition. S
The sen s itiv ity  in  most of th e  experim ents d esc rib ed  in  th is  c h ap te r , 
allows detection  of oxygen u p tak e  equal to  peroxide v a lu es  of less 
th a n  one.
One d isad v an tag e  is  th a t even  if th e  o v era ll ra te  of lipid 
au toxidation  is in d e p en d e n t of oxygen p re s su re  a t  m oderate p re s su re s
(7), th is  is not so in  fish  meal a s  shown by D avidovitch e t al (96)
1and  Q uarst and  Karel (97), The u n s tead y  s ta te  d iffu sion  of a gas /{
in to  a  p la te  of p ro d u c t can  be d esc rib ed  by: i
w here  D = gas d iffu s itiv ity  (cm Vs)
X = d istance  (cm) 
c = concen tra tion  (moles/cm®) 
t  = time (s)
z reaction  ra te  c o n sta n t (s"^)
If  k  and  c a re  low, th e  d iffusion  p rocess  can be re p re se n te d  by 
P ick 's  law of diffusion;
S2c Sc
D -------- z —  (98)Sx2 St
In  th e  South A frican meal, which had big p a rtic le  size, the  
d iffusion  is p robab ly  d ep en d en t both  on d iffusion  in to  th e  bu lk  and  
th e n  in to  each p a rtic le .
Because th e  ra te  of autoxidation in  th e  meal is  d ep en d en t on 
oxygen concen tra tion , it  is  im portan t to  make f re q u e n t a ir  exchange 
in  th e  flask . I t  is  a lso  n ecessa ry  to  rea lise  th a t fa c to rs  such  as 
ra tio  of sample size to fla sk  volume will a ffec t th e  ra te  of oxygen 
u p tak e .
® f i r s t  o rd e r  reaction  w ith re sp e c t to  oxygen is expected
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R esults  and D iscussion
Table 5.2.1 Autoxidation of h e r r in g  oil (30 00), ra te  of oxygen u p tak e  
over 140 hours.
Ethoxy quin  Rate of C orr.
co n cen tra tio n (%) oxygen u p tak e  (praol/g h r) Coeff.
0 . 0 0.19 0.993
0 . 0 0.18 0.996
0 .0 1 0 .2 1 0.998
0 .0 1 0.19 0.997
0.05 0.24 1 . 0 0 0
0.05 0 .2 1 0.993
0.05 0 . 2 2 0,995
0 .1 0.16 0.998
0 .1 0.16 0.995
0.5 0.07 0.996
0.5 0.06 0.996
0.5 0.06 0.991
The lines a re  calcu la ted  from  poin ts a f te r  20 h o u rs  to avoid 
e ffec ts  from sh o rt inh ib ition  p erio d s  in some of th e  sam ples. These 
re s u lts  ind icate th a t w hilst th e  ra te  of oxygen u p ta k e  is  red u ced  by  
ethoxyquin  a t co n cen tra tio n s  of 0.1 and  0,5%, i t  is  in c reased  a t lower 
co n cen tra tio n s  (0.01 and  0.05%). Similar re s u lts  w ere obtained  
(F igure  5.2,1) when th is  experim ent was rep ea ted , b u t th e  ra te s
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5.2 E thoxyquin in  f ish  oils
When h e rrin g  oil (HI) was autoxidised (30 ®C) in  th e  p re sen ce  jf
of ethoxyquin  a t d iffe ren t co n cen tra tions, th e  oxygen u p tak e  was 
lin e a r  ag a in s t time fo r a t le a s t 140 hou rs. The ra te  of oxygen u p tak e  
is shown in Table 5.2.1.
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d ecrea sed  tow ards th e  end of th e  experim ent.
The effect of BHT in  h e rr in g  oil was com pared to  th e  e ffe c t of 
e thoxyqu in  and as can  be seen  in  F igure  6.2.1, th ey  a re  v e ry  
d iffe ren t. There is little  d iffe ren ce  betw een sam ples con tain ing  
d iffe re n t concen tra tions of BHT* Both have the  same low oxygen 
u p ta k e  ra te  (0 . 0 2  jumole/g h r) w hilst th e  samples con tain ing  
ethoxyqu in  have 9-15 tim es fa s te r  in itia l oxygen up take.
i
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F ig u re  5.2.1 Autoxidation of h e rr in g  oil (30 ®C), oxygen u p tak e  v s  
time.
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In  an  oil ob tained  from  a fish  meal p lan t, e thoxyquin  showed 
sim ilar e ffec ts  to BHT and s lig h tly  b e tte r  ac tiv ity  (F igure  6.2.2). 
Compared to the  h e rr in g  oil, th is  oil is  v e ry  c ru d e , ju d g in g  from  its
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colour and smell. In this oil, ethoxyquin has immediate effect at all
concentrations.
F igu re  5.2.2 Autoxidation of oil from a fishm eal p lan t (30 ®C), oxygen 
u p tak e  v s  time.
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For an  unknow n reason , one con tro l autoxidlzed much more slowly 
th a n  th e  o th e r.
Olcott (99) o b serv ed  th a t  ethoxyquin  was a  more effective  
an tiox idan t th a n  p ro p y l ga lla te  o r NDGA (n o rd ih y d ro -g u a ire tic  acid) in  
d iffe re n t c ru d e  fish  oils. On th e  o th e r hand , e thoxyqu in  and NDGA 
w ere equally  effective  in  re fin ed  cod liver oil and  NDGA was a  more 
pow erfu l an tiox idan t th a n  e thoxyquin  in  la rd . F urtherm ore , he 
noticed  th a t by  add ing  free  fa t ty  acids in to  oil, th e  a d v e rse  e ffec ts  
on th e  influence of th e  an tiox idan ts  w ere g re a te r  w ith NDGA th a n
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«w ith ethoxyquin . I t  is  know n th a t  fa tty  acids, combined as  
trig ly ce rid e s , au toxidise more slowly th an  th e ir  m ethyl e s te rs , which 
a re  slower th an  th e  free  ac id s  (7, 100, 101). Not only do free  ac id s f
autoxidise more read ily , th e y  also  cata lyse  autoxidation. This was 
shown by  M iyashita and  Takagi (102), w here on add ing  s tea ric  acid , 
which does not au toxid ise, in to  soybean  oil, th e  ra te  of autoxidation  
increased . They also showed th a t  th o se  effects  w ere p ro b ab ly  due to  
th e  hydroperox ides b reak in g  down fa s te r  in th e  p re sen ce  of th e  fre e  
acid to  form e ith e r alkoxy- o r p e ro x y -rad ica ls.
As w ith th e  oil from th e  fish  meal p lan t, e thoxyquin  red u ced  
th e  oxygen up take  immediately in  th e  Chilean and South A frican oils.
A fter inh ib ition  period  of approxim ately 70 hou rs , th e  Chilean oil 
tak es  up oxygen a t  a  ra te  0.7 m nol/g  h r compared to  approxim ately 
0.05 and 0.1 Atoiole/g h r  for th e  samples containing 0.5 and  0.1% 
ethoxyquin  re sp ec tiv e ly  (F igure  5.2.3). The South A frican oil h as  a 
s lig h tly  fa s te r  oxygen u p tak e  (F igure  5.2.4), the  con tro l hav ing  no 
inh ib ition  period. T here  is  also v e ry  little  d ifference  betw een th e  
two concen tra tions of ethoxyquin .
Both th e  Chilean and S outh  African oils w ere au toxid ised  in  
dup lica te , and to  give an  idea ab o u t th e  rep ro d u c ib ility  th e  av erag e  
end  point and the  e r ro r  fo r each sample is g iven in  Table 5.2,2.
I t is possib le th a t w hen ethoxyquin  re a c ts  w ith oxidation 
p ro d u c ts  of th e  oil, i t  form s a n o th e r compound which is a  more 
p o ten t an tioxidant. T herefo re , in  a low quality  oil which is  a lread y  
oxidised, e thoxyquin  re a c ts  qu ick ly  and  fu r th e r  autoxidation of th e  
oil is  inh ib ited , w hereas in  a b e t te r  quality  oil some oxygen u p tak e  
ta k es  place before e thoxyquin  o r i ts  derivative  s ta r ts  having  any  
effect.
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Figure 5,2.3 Autoxidation of Chilean oil (30 @0), oxygen uptake vs
time.
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F ig u re  5.2.4 Autoxidation of South A frican oil (30 @0), oxygen up take  
v s  time.
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Table 5.2.2 Oxygen u p tak e  fo r Chilean and South A frican  oil.
:■fIi
Oil Ethoxyquin 
concentration (%)
Oxygen 
uptake (wmol/g)
Error
(±)
Chilean 0.0 270.2 24.9
Chilean 0.1 68.4 1,1
Chilean 0.5 28,7 1.5
South African 0,0 258,3 0.7
South African 0,1 65.9 1.7
South African 0,6 62.5 4.2
F igure  5.2,5, shows th e  autoxidation of m ackerel oil when 0.1% 
ethoxyquin  is added a t d iffe ren t levels of oxygen u p ta k e .
F ig u re  5.2.5 Autoxidation of m ackerel oil (30 ®C), e thoxyqu in  (0.1%) 
ad d ed  a t d iffe ren t levels of oxygen up take. Oxygen u p ta k e  v s  time.
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Some oxygen u p ta k e  o ccu rs  before any  an tiox idan t e ffec ts  a re  
seen , and  it reach es  approxim ately 25 um ole/g befo re  i t  s to p s. 
However, when e thoxyqu in  is  added  a f te r  some oxygen has reac ted  
w ith the  fish  oil (20, 50 and  90 pm ole/g), th e  oxygen u p tak e  s to p s  
v e ry  quickly. This p o in ts  to a  v e ry  sign ifican t conclusion: Lipid
autoxidation p ro d u c ts , most likely the p e ro x y -rad ica ls  co n v e rt 
e thoxyquin  to one o r more p ro d u c ts  with an tioxidant p ro p e rtie s . With 
f re sh  (un-autoxid ised) oil, e thoxyquin  prom otes au tox idation  fo r  a  
sh o rt in itia l period . This is most noticable a t low e thoxyqu in  
concen tra tions.
5.3 E thoxyquin in  f ish  meal
Adding ethoxyqu in  to  th e  Chilean fish  meal had no e ffec t on 
th e  oxygen up tak e  (F ig u re  5.3.1). All th e  sam ples had th e  same ra te  
of oxygen up take  (0.13-0.14 tfmole/g hr) ,  which d ecreased  s lig h tly  
la te r  in  th e  experim ent. As was mentioned p rev io u sly  (section  4.2), i t  
was la te r  d iscovered  th a t  th e  meal a lread y  contained  e thoxyqu in  
(>0.5%), so it is  obvious th a t add ition  above th is  level has no fu r th e r  
e ffec ts  and th a t some oxygen u p tak e  always tak es  place.
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Figure 5.3.1 Autoxidation of Chilean fish meal (30 @0), oxygen uptake
v s  time.
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F igu re  5.3,2 illu s tra te s  th a t  e thoxyquin  h as s tro n g  an tiox idan t 
e ffe c ts  in th e  South A frican meal. A fter a sh o r t inh ib ition  period  (70 
h o u rs ) , th e  contro l has a c o n s ta n t ra te  of oxygen u p tak e  of 
approxim ately  2.2 m o le /g  h r  and th e n  th e  ra te  d ecreases. The meal 
co n ta in ing  0 .1% ethoxyquin ta k es  u p  oxygen a t a ra te  of 1.5  jumole/g 
h r  in itia lly , which th en  decreases . A part from a  sh o rt period  in  th e  
beg in n in g , th e  sample con tain ing  0.5% ethoxyquin  has a co n stan t ra te  
of oxygen u p tak e  of 0 . 2  /miole/g h r  th ro u g h o u t th e  experim ent.
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Figure 5.3.2 Autoxidation of South African fish meal (30 @0), oxygen
u p tak e  vs time.
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As mentioned before , th e  fish  meal con tain ing  no e thoxyquin  
had a sh o rt inh ib ition  period , b u t when examined more closely 
(F igure  5.3.3) it  becomes obvious th a t th e  sam ples contain ing  
ethoxyqu in  have an  oxygen u p tak e  which is fa s te r  to begin  w ith b u t 
th e n  decreases  quick ly . This is  similar to  th e  behav iou r seen  in  
some of th e  fish  oils,
BHT proved  to be a  v e ry  ineffic ien t an tiox idan t in  th is  meal, 
w ith  sam ples con tain ing  0.1 and  0.5% BHT hav ing  an  oxygen up tak e  
ra te  of 2.0 and  1,3 tftnole/g h r  resp ec tiv e ly .
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Figure 5.3.3 Autoxidation of South African fish meal (30 oxygen
uptake vs time.
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I t  has been shown p rev io u s ly  th a t w hen e tho x y q u in  is added  
in to  fish  meal th e  peroxide value d rops (103, 104) w h ereas  th is  value 
in c rease s  qu ickly  fo r u n tre a te d  meal. I t  is  also  know n th a t th e  
m easureable  am ount of e thoxyqu in  in th e  meal in itia lly  ' d ec reases  
rap id ly  (105) and th is  m ight be due to a  reaction  of e th o x y q u in  w ith 
perox ides.
I t  is  im portan t, b u t d ifficu lt, to  obtain  a  hom ogeneous mixing of 
e thoxyqu in  in th e  fish  meal. In  the  p rev io u s  experim en ts th e  
an tiox idan t was added  in  a  small am ount of oil. Two o th e r  m ethods 
w ere tr ie d , add ition  of e thoxyqu in  on th e  v ap o u r p h ase  u n d e r 
vacuum  o r d issolved in  a  la rg e  am ount of hexane. T h ere  is  not much
I
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d iffe ren ce  betw een oxygen u p tak e  of meal tre a te d  e ith e r way (F igure  
5,3,4), b u t th e  vacuum method seem s to  be s lig h tly  b e tte r . This 
could  be because in  th e  so lven t method some of th e  lip ids a re
ex tra c te d  to  th e  su rface  of th e  meal w hich makes them eas ie r to  
au tox id ise. I t  p roved  d ifficu lt to com pare autoxidation  experim ents 
b ecause  th e  ra te  of oxygen u p tak e  can  v a ry  co n siderab ly  betw een 
experim ents. When the  co n tro ls  in  F igu re  5,3.2 and 5.3,4 a re  
com pared, th e  in itia l oxygen up tak e  is h ig h e r in  F igure  5,3*4. On th e
o th e r  hand , th e  m ethods u sed  in  th a t experim ent to  mix th e
ethoxyqu in  in  th e  meal gave b e tte r  re s u lts  th a n  th e  one in  F ig u re
5.3,2
F ig u re  5,3,4 Autoxidation of South  A frican meal (30 @0), oxygen 
u p ta k e  v s  time.
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5,4 E thoxyquin n itroxide in  fish  o ils
I t  has been  su g g es te d  th a t some am ines, in  p a rtic u la r  
seco n d a ry  arom atic am ines, owe some of th e ir  an tiox idan t p ro p e rtie s  
to  th e  form ation of a n itrox ide rad ical. These re a c t w ith  e ith e r a lky l 
o r peroxy  rad ica ls  of th e  au tox id ising  lip ids (10, 18, 19, 106-108), b u t 
Brownlie and  Ingold  (22) concluded th a t  n itrox ides o r th e ir  
hydroxylam ines w ere not likely  to  play  an  im portan t ro le  a s  I
commercial an tiox idan ts  because of th e ir  red u ced  effic iency  and  
s ta b ility  com pared to  th e  co rre sp o n d in g  am ines, B erger e i al (18) 4
showed th a t  many a lk y l-a ry l and  dialkyl n itrox ides w ere more 
e ffec tiv e  th a n  d ia ry l n itrox ides, most likely due to  h ig h e r re s is ta n c e  
to  s id e  reac tio n s ,
E thoxyquin  can be c o n v e rted  in to  i ts  n itrox ide, which can be 
iso la ted  (sec t 2,5), and  Lin and  Olcott (69) and  Mohr (109) claimed 
th a t  i t  was a  b e tte r  an tiox idan t th a n  ethoxyquin .
When e thoxyquin  n itroxide was com pared to ethoxyquin  as  an  
an tio x id an t fo r  h e rr in g  oil, th e  oxygen u p tak e  was v e ry  much th e  
same (F igure  5.4,1), At lower con cen tra tio n  (0.01%) n e ith e r compound 
has an  an tiox idan t e ffec t, b u t th e  samples con tain ing  th e  h ig h e r 
co n cen tra tio n  (0 .1%) behave a s  expcected  fo r oils con tain ing  
ethoxyqu in . S ligh t p ro -o x id an t e ffec ts  a re  seen  in itia lly  and  th en  th e  
oxygen u p tak e  decreases .
Figure 5.4.1 Autoxidation of herring oil (30 ®C), oxygen uptake vs
time.
rm
0)I
II
sI
400
1 = no an tio x id an t
2  = 0 .0 1 % eth o x y q u in
3 = 0 .1% ethoxyqu in
4 = 0,01% e tho x y q u in
300
200
n itrox ide
0 ,1% ethoxyqu in
100 n itrox ide
0
10002000 400 600 800
Time (hr)
E thoxyquin n itrox ide  w as also added to p reox id ised  m ackerel 
oil, and  when F ig u re  5,4,2 is  com pared to  F igure  5.2,5 i t  can  be seen  
th a t  e thoxyquin  s to p s  th e  oxygen u p tak e  fa s te r  and  fo r a  lo nger 
period . In  f re s h  oil, e th o x y q u in  h as b e tte r  in itia l e ffe c ts  th a n  th e  
n itrox ide  which shows s tro n g  p ro -o x id an t e ffec ts  w hen added  to  th e  
f r e s h  oil. I t  can  also  be seen  th a t th e  initial oxidation level of th e  
oil does not s ig n ifican tly  a lte r  th e  e a r ly  shape of th e  oxygen u p ta k e  
c u rv e s , w hereas th e  an tio x id an t e ffec ts  of e tho x y q u in  a re  more 
qu ick ly  o bserved  in th e  p reox id ised  oil.
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Figure 5.4.2 Autoxidation of mackerel oil (30 ®C), ethoxyquin
nitroxide (0.1%) added at different levels of oxygen uptake. Oxygen
uptake vs time.
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One can th e re fo re  conclude th a t  ethoxyquin  n itrox ide  is  no t an  
e ffec tiv e  antioxidant in  fish  oil, b u t is converted  to an o th er more 
e ffic ien t antiox idant w hich is  e ith e r  form ed in lower yield o r is  le ss  
e ffec tiv e  th an  the  p ro d u c ts  of e thoxyqu in  oxidation.
To see if th e  su p e r io r  an tiox idan t e ffec ts  re p o rte d  p rev io u sly  
(69, 109) w ere possib ly  due  to  some im purities p re s e n t  in  th e  
n itrox ide , th e  c ru d e  reac tio n  p ro d u c t (w ithout ch rom atograph ic  
pu rifica tio n ) was added  to  m ackerel oil (F igure 5.4.3). This m ixture 
seem s to  have e ffec ts  sim ilar to  th e  p u re  n itroxide, th a t  is  a s h o r t 
p e rio d  of p ro -ox idan t a c tiv ity  w hich is  followed by a period  of v e ry  
low oxygen uptake.
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Figure 5.4,3 Autoxidation of mackerel oil (30 °C), oxygen uptake vs
time.
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To sum m arise, e thoxyqu in  n itroxide was made and  te s ted  to  see 
if i t  could be th e  oxidation p ro d u c t of e thoxyqu in  th a t  caused  su d d en  
d ecrease  in oxygen u p tak e . Those experim ents su g g e s t th a t  th is  is 
no t th e  case.
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5.5 Antioxidant p ro p e rtie s  of 2 t6 -d ihyd ro”2,2«4-trimethyI~6---quinoIone 
and  It2-dihydro~6~hydrox:y~2t2,4-trim ethylquinoline
Ethoxyquin oxidised by  e ith e r te rt-b u ty lh y d ro p e ro x id e  in th e  
p re sen ce  of ammonium fe rro u s  su lphate , or in  oxidised m ethyl 
linoleate was shown to form 2 ,6 -d ihyd ro -2 ,2 ,4 -trim ethy l-6 -qu ino lone , 
Quinone compounds a re  known to  have an tiox idan t p ro p e rtie s  b u t 
mainly as a lky l-rad ica l accep to rs , which u sually  means th a t th e ir  
an tiox idan t p ro p e rtie s  a re  b e s t seen  a t low oxygen p re s s u re s  (1 0 , 106, 
110), Kasaikina et al (110) found th a t 2 ,3 ,4 ,6 -te trah y d ro -2 ,2 ,4 - 
tr im e th y l-6 -quinolone (I) is an  a lk y l-rad ica l accep to r, b u t i t  did no t 
re a c t w ith peroxy-rad icals. On th e  o th e r hand, Varlamov and  Denisov 
(111) found th a t th e  quinone-im ine 4-(phenylim ino)cyclohexa- 
2 ,5 ,d ien-l-one (II) p ro b ab ly  re a c ts  w ith bo th  a lk y l- and 
pero x y -rad ica ls. They also found  th a t du rin g  th a t p ro ce ss , red u c tio n  
of th e  quinone-im ine to  i ts  co rresp o n d in g  hydroxy-am ine (III) 
o c cu rred  and th a t th is  is  a v e ry  s tro n g  autoxidation in h ib ito r .
I
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F igure  5.5.1 shows the  au tox idation  of m ackerel oil contain ing  
e thoxyqu in  or th e  6 -quinolone iso la ted  from ethoxyquin  a f te r  
oxidation by  te rt-b u ty lh y d ro p e ro x id e  o r oxidised m ethyl linoleate. As 
h as been  seen  before, th e  oil con tain ing  e thoxyquin  has a ra th e r  fa s t  
in itia l oxygen u p tak e  which th en  d ecreases . On th e  o th e r hand, both  
th e  6 -quinolone sam ples gave almost no oxygen u p tak e  th ro u g h o u t 
th e  experim ent (1380 h ou rs).
In  th e  South A frican fish  meal (F igu res 5.5.2), th e re  is v e ry  
l ittle  if any  d ifference  betw een th e  an tiox idan t a c itiv ity  of ethoxyquin  
an d  th e  6 -quinolone.
For a  qu inone-like  compound, 2 ,6 -d ih y d ro -2 ,2 ,4 -trim eth y l-6 - 
quinolone h as  su rp ris in g ly  good an tiox idan t p ro p e rtie s .
Various hydroxyquino lines have been  re p o rte d  as good 
an tio x id an ts. Bickoff e t al (112) showed th a t in  mineral oil, 
l,2 -d ih y d ro -6 -h y d ro x y -2 ,2 ,4 -trim eth y lq u in o lin e  gave th e  most pow erful 
p ro te c tio n  fo r caro ten e  among 40 d iffe ren t quinoline and 
h y d ro x y  quinoline d e riv a tiv es. On th e  o th e r hand , th e  6 -h y d ro x y  
com pound was not so pow erful in a lfalfa  meal, p e rh a p s  because o f its  
poor so lub ility  in th e  lipid phase. F igu re  5.5.3 shows autoxidation  of 
m ackerel oil con tain ing  e thoxyquin  o r l,2 -d ih y d ro -6 -h y d ro x y -2 ,2 ,4 - 
trim ethy lqu ino line . E thoxyquin a t 0.01% g ives an  inh ib ition  period of 
1 2 0  h o u rs , b u t th e  same co n cen tra tio n  of th e  6 -h y d ro x y  d eriv a tiv e  
g iv es  a  period  of 200 h o u rs . T here is  no d iffe ren ce  betw een sam ples 
co n ta in in g  0.06 and  0 .1% ethoxyquin , both  have a fa s t  in itia l oxygen 
u p ta k e  which th e n  decreases . On th e  o th e r hand , 0.1% of th e  
6 -h y d ro x y  d eriv a tiv e  in h ib its  n ea rly  all oxygen u p tak e  th ro u g h o u t 
th e  experim ent.
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F ig u re  5.5,1 A utoxidation of m ackerel oil (30 ®C), oxygen up take  v s
time.
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F ig u re  5.5.2 Autoxidation of South  A frican fish  meal (30 °C), oxygen 
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Figure 5.5.3 Autoxidation of mackerel oil (30 ®C), oxygen uptake vs
time.
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5.6 Effects of the  1,8'-e thoxyquin  dimer and 2.4"-dimethyI-6*-ethoxy- 
quinoline on oil autoxidation
A major oxidation p ro d u c t of ethoxyquin  is  its  l,8 *-dimer. This 
com pound was added to  m ackerel oil to  see if i t  had an y  an tiox idan t 
p ro p e r tie s  (F igure  5.6.1)
93
1
Figure 5.6.1 Autoxidation of mackerel oil (30 °C), oxygen uptake vs
time.
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The dimer has only one amino h y drogen  and  i t  is  not easily  
ap p ro ach ed  with an  ethoxyquin  g ro u p  in  th e  8 -p o sitio n . T herefo re , 
a s  was expected, th e re  is no s ig n ifican t d iffe ren ce  betw een th e
oxygen u p tak e  of the  samples con tain ing  th e  dim er (0 .1%) and  th e  
co n tro ls .
The 2 ,4-d im ethyl-6-ethoxyquinoline, form ed b y  reactio n  of
e thoxyqu in  and oxygen a t h igh  tem p era tu re , was te s ted  fo r
an tio x id an t p ro p e rtie s  in  cod liv e r oil (F igure  5,6.2).
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Figure 5.6.2 Autoxidation of cod liver oil (30 ®C), oxygen uptake vs
time.
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The samples con tain ing  0.01% of th e  dim ethylquinoline have the  
same oxygen u p tak e  as th e  con tro ls , w hereas 0 .0 1 % ethoxyquin  g ives 
a  s lig h t p ro tec tion . On th e  o th e r  hand, w here e ffec ts  of 0.1% 
e thoxyqu in  a re  in c reas in g  tow ards th e  end of th e  experim ent, the  
same concen tra tion  of th e  dim ethylquinoline has s tro n g  pro-ox idan t 
e ffec ts , red u c in g  th e  inh ib ition  period  of th e  u n tre a te d  oil from 300 
h o u rs  to approxim ately 200 ho u rs . According to  Bickoff e t al (112) 
th is  compound has no e ffec ts  on caro ten e  s tab ilisa tion . Adamic e t al 
(20) have shown th a t  1 ,4-bis-dim ethylam inobenzene can  act like 
red u c in g  tran s itio n  m etals such  as Co^+ and Fe^ "*". These b reak  down 
hydroperox ides to  form a lkoxy-rad ica ls  which ca ta ly se  autoxidation.
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Fe+ 2  + roOH (Fe+®)OH~ + RO
It  is  possib le  th a t  2 ,4-dim ethyl~6-ethoxyqulnollne b eh aves In th e  same 
way, th a t  is:
C2H5 ROOH
N" "CH3
C2H5
N" "CH3
OH-
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6.1 Introduction
The work d e sc rib ed  in th is  ch ap te r was c a r r ie d  o u t to  gain  
fu r th e r  u n d e rs ta n d in g  of th e  reactions of e thoxyqu in  an d  some of its  
oxidation p ro d u c ts  in  au tox id ising  system s.
R esults and  D iscussion
6.2 Oxidation reac tio n s  o f e thoxyquin
P e tre scu  (103, 104) su g g es ted  th a t peroxides a lre ad y  p re s e n t in 
fish  meal a re  a tta ck e d  by added  ethoxyquin  w ith a  co n seq u en t 
decrease  in peroxide value  and in  the  level of e thoxyqu in . We 
o bserved  no change  in  th e  UV-spectrum  of an  equim olar so lu tion  of 
e thoxyquin  and  te rt-b u ty lh y d ro p e ro x id e  in  e thano l o v e r 24 h o u rs  a t 
room tem p era tu re , in d ica tin g  th a t th is  hydroperox ide is  not a ttack ed  
by ethoxyquin . We have, how ever, a lready  shown th a t te r t-b u to x y -  
rad ica ls  re a c t re ad ily  w ith ethoxyquin. This s u g g e s ts  th a t  
e thoxyquin  re a c ts  w ith th e  rad ica ls  p roduced in  th e  au tox id ising  
system  ra th e r  th a n  w ith th e  hydroperoxides.
When ethoxyqu in  (1%) was added to au tox id ising  m ethyl linoleate 
(30 °C), the  ra te  of oxygen up take  dropped im m ediately from  0.65 to  
0.1 wmole/g h r . The two m ajor oxidation p ro d u c ts  of e thoxyqu in  w ere 
th e  l,8 '-d im er and  2 ,6 -d ihydro -2 ,2 ,4 -trim ethy l-6 -qu ino lone  w hich could 
be ex trac ted  w ith acid  and  pu rified  fo r analysis  by  p re p a ra t iv e  HPLC. =?
The dimer could n o t be ex trac ted  from a hexane so lu tion  w ith acid 
and  was only iden tified  by TLG as a  flu o rescen t spo t o v erlap p in g  th e  
linoleate.
I t  was shown th a t  th e  6 -quinolone compound was form ed in  fish  |
meal con tain ing  e thoxyqu in  (0.5%), which had been  au tox id ised  fo r
98
'Z
one week, by  HPLC of an  acid e x tra c t from th e  lipid phase . By u se  
of s ta n d a rd s , th e  acid e x tra c t was found to  contain  e thoxyqu in  (8 8 %) 
and  2 ,6 -d ihyd ro -2 ,2 ,4 -trim ethy l-6 -qu ino lone  (12%). The form ation of 
th e  dimer was dem onstrated  by  u se  of HPLC of th e  lip id  p h ase  from 
meal a f te r  autoxidation  fo r 60 days (F igure 6.2.1).
F ig u re  6.2.1 HPLC chrom atogram  of fish  meal lipid phase .
By u se  of a  Polychrom  d e tec to r, th e  peak a t 4.1 m inutes was shown to  
have  th e  same U V -spectrum  a s  th e  l,8 *-dimer which is  also e lu ted  a t 
4.1 m inutes.
F igu re  6.2.2 i l lu s tra te s  th e  s lig h t decrease  in  radiolabelled  
m ateria l ex trac tab le  from fish  meal (Total ex trac t) . This in d ica tes  a 
p o ssib le  reactio n  betw een ethoxyquin  o r its  oxidation p ro d u c ts  w ith,
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fo r  example, th e  protein*
F igure 6*2*2 Total rad io labelled  m aterial ex trac tab le  from  f ish  meal, 
coun ts  {%) v s  time (days).
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D uring th e  f i r s t  25 d ays th e  rad ioactive m aterial bound to  th e  
non -ex trac tab le  m atrix (F igure  6.2,3) in c reases  from le ss  th a n  2% to 
approxim ately 14%, w ith little  change th e re a f te r . The e r ro r  fo r th e  
dup lica tes was in  all cases  le ss  th an  1% of to ta l count.
The d ifference  betw een the  count in th e  to ta l e x tra c t and th e  
acid ex trac tab le s  should  mainly re p re se n t th e  dimer (F igure  6.2.4) 
and is approxim ately 11% th ro u g h o u t the  experim ent. I t  is not 
su rp ris in g  th a t most of th e  dimer is formed in th e  ea rly  s tag es  of 
the  reaction , when th e  co n cen tra tion  of ethoxyquin is h ig h est.
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F ig u re  6.2.3 N on-ex tractab le  radiolabelled m aterial, coun ts  (%) vs  
time (days).
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F ig u re  6,2.4 Non-acid ex trac tab le  radiolabelled  m aterial, coun ts 
v s  time (days).
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F ig u res  6.2.3 and  6.2.4 illu s tra te  th a t 25 d ay s  a f te r  addition, 
approxim ately 25% of th e  ethoxyquin  is e ith e r n o n -ex trac tab le  or is in 
th e  dimer form. F igu re  6.2.5 shows the  coun ts  in  th e  second hexane 
ex tra c t which re p re se n ts  th e  acid soluble m aterial, mainly ethoxyquin 
and  2 ,6 -d ihydro-2 ,2 ,4“ trim ethy l-6-qu ino lone . U n fo rtu n a te ly  som ething 
w ent w rong in  th e  f i r s t  two m easurem ents, b u t if th e y  a re  excluded 
i t  can be seen  th a t a f te r  25 days only ab o u t 30% of added 
e thoxyquin  is ex trac ted  by  acid and it changes little  betw een 25 and 
65 days.
F igu re  6.2.5 Acid ex trac tab le  radiolabelled m aterial, coun ts  {%) vs 
time (days).
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F igure  6,2.6 shows re su lts  from a typ ica l p re p a ra tiv e  HPLC ru n  
fo r th e  acid ex trac tab le  m aterial w here th e  co u n ts  in each frac tion  
a re  p lo tted  ag a in s t elu tion volume. E thoxyquin is e lu ted  betw een 18 
and  25 ml and th e  6 -quinolone betw een 36 and 45 ml.
F ig u re  6.2.6 F ractions from p re p a ra tiv e  HPLC ru n  of acid ex trac tab le  
rad io labelled  m aterial, coun ts  (%) v s  time (days).
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In  F igure  6.2.7, the  re s u lts  from th e  p re p a ra tiv e  HPLC ru n s  
o v e r th e  experim ental period  a re  ex p ressed  as p e rcen tag e  of each 
com pound in  th e  acid ex trac t. The ethoxyquin  is in itia lly  approx­
im ately 75% b u t d ecreases  to  45%, w hereas 2 ,6 -d ihydro-2 ,2 ,4 - 
tr im e th y l-6 -quinolone is in c reas in g  from  15 to 33%. T herefo re , when :
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levels of an tiox idan ts  in th e  meal a re  estim ated, it  is  v e ry  im portan t 
to m easure 2 ,6 -d ihydro-2 ,2 ,4 -trim ethy l-6 -qu ino lone  as well. T here is 
no ind ication  of an y  o th e r com pounds formed in  s ig n ifican t am ounts 
a p a r t  from th e  l,8 '-d im er.
F ig u re  6.2.7 Composition of radiolabelled acid e x trac t, co u n ts  (%) v s  
time (days).
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C ontreias (113) o b ta in s  betw een 70 and 80% reco v eries  s tra ig h t 
a f te r  add ition  of e thoxyquin  to fish  meal and less  th a n  50% a f te r  two 
m onths. W essels e t al (105) showed th a t vario u s  fish  meals can lose 
more th a n  50% of added  ethoxyquin  in  about 20 days, b u t S park  (28) 
go t o v e r 90% re c o v e ry  by th e  use of th e  same m ethod. The methods
'1!'I
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mentioned above a re  based on e ith e r  colorim etric determ ination  a t  362 
nm, o r by reaction  of th e  an tioxidant w ith l,l-d ipheny l~ 2 -
p ic ry lh y d razy l and  determ ination o f decrease  in ab so rb an ce  a t 517 
nm. I t  is  doub tfu l w hether th e se  m ethods a re  specific fo r ethoxyquin
and th e re fo re  p robab ly  lead to  overestim ation. Dahle and S kaare  (114)
used  a gas chrom atograph ic  method to  specifically  m easure
ethoxyquin  and only ob tained  30% reco v ery  from vario u s  system s.
6.3 GC-MS s tu d ie s  of reac tio n s  of e thoxyquin  and  some o f i t s  
oxidation p ro d u c ts  in  fish  oil
Tables 6.3.1 -  6.3.4 lis t th e  main ions from th e  m ajor 
com ponents ex trac ted  from oil a f te r  ad  diton of e thoxyqu in  and  some 
of i ts  oxidation p ro d u c ts .
Table 6.3.1 GC-MS data for EQ-oil reaction product.
Compound retention Fragment m/e
(identity) (sec) (relative abundance)
I (QLO) 269 187
(93)
172
(27)
159
(45)
144
( 100)
II (EQ) 299 217 202 188 174 159 145
(37) (100) (13) (100) (10) (51)
III (QL) 310 201
(63)
173
( 100)
158
(4)
144
(18)
QLO = 2,6-dihydro-2,2,4-trimethyl-6-quinolone 
EQ = ethoxyquin
QL = 2,4-dimethyl-6-ethoxyquinoline
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A part from II (EQ) two p ro d u c ts  a re  seen. The f i r s t  peak I 
(QLO) has a typical mass spec trum  for 2 ,6 -d ihydro~ 2 ,2 ,4 -trim ethy l- 
6 -quinolone and the  la s t one III (QL) for 2,4-dim eth y l- 6 -e th o x y -
quinoline. This quinoline d e riv a tiv e  is formed only in  v e ry  small 
am ounts as a p roduct of low tem p e ra tu re  oxidation of ethoxyquin , b u t 
i t  is known to be form ed w hen p u re  e thoxyquin  is examined on th e
same GLC system , in  d iffe ren t am ounts depend ing  on th e  in jec tion
tem p era tu re .
No changes w ere o b serv ed  on 2,4-dim ethy 1-6-ethoxyquinoline 
when it was added to  au tox id ising  oil.
Table 6.3.2 shows th e  GC-MS d a ta  fo r the  e thoxyqu in  n itroxide 
(EQN) reaction  p ro d u c ts .
Compund I (QLO) and  II (EQ) a re  read ily  iden tified  as
2 ,6 -d ihydro-2 ,2 ,4 -trim ethy l-6 -qu ino lone , which is  p ro b ab ly  form ed 
th ro u g h  its  N-oxide and  e thoxyquin . Two com pounds have a 
m olecular ion 232 (IV and V) b u t n e ith e r has exactly  th e  same mass 
spec trum  as the p u re  n itrox ide. Two o th e r peaks a re  shown h e re , 
w ith possib le molecular ions 223 (VI) and 252 (VII) b u t th e y  have not 
been  iden tified .
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Table 6.3.2 GC-MS d a ta  fo r EQN-oil reaction  p ro d u c t.
Compound R etention  Fragment m/e
( id e n t i ty )  (sec) ( r e la t iv e  abundance)
I (QLO) 268 187 172 159 144
( 1 0 0 ) (30) (50) (90)
I I (EQ) 301 217 2 0 2 188 174 145(23) ( 1 0 0 ) ( 6 ) (70) (23)
IV 304 232 216 2 0 2 188 187 174
(13) (70) ( 1 0 0 ) (2 1 ) (13) (15)
173 158 145 144
(96) ( 1 2 ) (30) (30 i
V 312 232 216 2 0 1 188 173 159 ■ 1(1 1 ) ( 1 0 0 ) (5) (15) (25) ( 1 1 ) f
i
VI 323 223 219 205 204 176 167 149
(47) ( 6 ) (15) (14) (6 ) (18)(100) •iiVII 334 252 234 218 206 204 191
(18) (80) (77) (1 0 0 ) (79) (27)
188 176 160 148 146 134 132 1
(31) (28) (33) (18) (19) (16) (14)
EQN = ethoxyquin n itro x id e
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In  Table 6.3.3 th e  GC-MS data  fo r reac tio n  p ro d u c ts  of
2 ,6-d ihydro-2 ,2 ,4 -trim ethy l-6 -qu ino lone-N -ox ide  (QLO-N-OX) is shown
Table 6.3.3 GC-MS data for QLO-N-OX-oil reaction product.
Compound Retention Fragment m/e
(identity) (sec) (relative abundance)
I (QLO)
VII
(QLO-N-OX)
270
340
187 172 159 144
(96) (28) (45) (100)
203 188 186 173 171 160 158 145
(100) (34) (44) (11) (10) (13) (25) (49)
The main p ro d u c t of th e  N-oxide (VII) is  th e  co rrespond ing  
quinolone (I). I t is no t known why th e  mass spectrum  of th e  N-oxide 
is  not as has been seen  befo re  (section  2.5).
Finally, Table 6.3.4 shows th e  GC-MS data  fo r reaction  p ro d u c ts  
of l,2 -d ih y d ro -6 -h y d ro x y -2 ,2 ,4 -trirae th y lq u in o lin e  (HQL).
Table 6 .3 .4  GC-MS d a ta  fo r  HQL-oil re a c tio n  product
Compound 
(identity)
Retention
(sec)
Fragment m/e 
(Relative abundance)
I (QLO) 272 187 172 159 144
The only reac tio n  p ro d u c t of I ,2 -d ih y d ro -6 -h y d ro x y -2 -2 ,4 - 
trim ethy lqu ino line (HQL) is  th e  quinolone (I). This reactio n  occurs 
v e ry  read ily  and in  fa c t w hen th e  p u re  compound is in jec ted  it is all 
co n v erted  on th e  GC system .
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To sum m arise, e thoxyquin  is oxidised to  two m ajor p ro d u c ts , a 
l,8 *-dimer and  2 ,6 -d ihydro -2 ,2 ,4 -trim ethy l-6 -qu ino lone . T here is no 
ind ica tion  th a t  th e  6 -quinolone is formed via th e  co rrespond ing  
hydroxyam ine (l,2 -d ihyd ro -6 -hyd roxy-2 ,2 ,4 -trim ethy lqu ino line).
E thoxyquin  is re g e n e ra te d  from its  nitroxide b u t th a t  could occur 
d u rin g  th e  acid ex trac tio n , as th e  n itroxide is  not s tab le  in  acidic 
conditions. The quinolone compound is also form ed from th e  n itroxide 
via  i ts  N-oxide o r e thoxyquin . T here is on th e  o th e r hand no 
ind ica tion  of th e  n itrox ide being formed in an y  s ig n ifican t am ounts 
from e thoxyquin . 2 ,4-D im ethyl-6-ethoxy quinoline is  seen  in  the  
e thoxyqu in  reac tio n  m ixture, b u t it  is form ed mainly on the  
G C-system  ra th e r  th an  as  a low tem pera tu re  oxidation p ro d u c t.
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7.1 Introduction
The autoxidation c h a in -re ac tio n s  involve th re e  s tep s , in itia tion , 
p ro p ag a tio n  and term ination.
I n i t i a t i o n
Propagation
Termination
RH
R ' + O2  
ROO* + RH
2R00-
ROO* + R*
2R*
R*
ROO*
ROOH + R-
Rate = R
k t
N on-radical
products
At s tead y  s ta te , i t  is  assum ed th a t  th e  co n cen tra tio n  of R- and 
ROO* does not change. If  th e  p a rtia l p re s su re  of oxygen is h igh , th e  
term ination  s tep s  involv ing  R* can  be ignored  (k^ \  + k^) and
th e re fo re
d [R*]
d t = Ri - koER'lEOg] + kpEROO*3ERH3 = 0
and
d EROO-3
d t
= koER'lEOg] - kpEROO-lERH] -  2 k^ EROO*]  ^ = 0
By su b s titu tio n
EROg*] = (Ri)
(2 k t)«
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Then th e  b u ild -u p  of hyd roperox ides, o r the  o v era ll oxidation ra te  
can  be d escribed  a s
' I
f
#K
%
-d  [O2 ] d [ROOH] (Ri)^
-----------  =   = kp[RH] ------ —  (I)
d t d t (2 k t)^
By assum ing a t low oxygen p a rtia l p re s su re  th a t
(k't)2 = k t X k \
th e  ra te  of oxidation can  be exp ressed  as
-d  [Og] kp  (Ri)** [RH] [Oj]
X
d t (2kt)** (k't)** k p  [RH]
^ (kt)** ko
w hich, a t a  v e ry  h igh  s u b s tr a te  concen tra tion  and  a co n stan t ra te  of 
in itia tion , can  be sim plified to
This c learly  shows th a t  as  th e  concen tra tion  (p a rtia l p re s su re )  of 
oxygen in c reases , B becomes less  im portan t and  the  oxidation 
ap p ro ach es  a c o n stan t r a te  A.
Going back to  reac tio n  I  (high oxygen p a rtia l p re s su re ) , R| 
can  be rep laced  by d iffe re n t term s, depend ing  on th e  in itia tion  
conditions. In  th e  monomolecular period  of hydroperox ide 
decom position, th e  in itia tio n  can  be w ritten  a s  a metal cata lysed
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d t [Og] + B :
%I
decomposition of hydroperoxides. Then
Ri = ki [ROOH] [M]
w here ki is the  monomolecular ra te  co n stan t and M th e  metal. 
T herefo re  reaction  I  becomes
-d [Oj] kp [RH] ki**
---------  = -------------------  [ROOH]** [N]** ( I I )
dt (2kt)**
In  th e  b im olecular p eriod ,
Ri = k'i [ROOH]2 [M] 
where kî is  the  b im olecular r a te  c o n sta n t,
-d [O2 ] kp [RH] k'i**
---------  = -------------------  [ROOH] [M]** ( I I I )
d t ( 2 kt)**
(7, 115, 116)
When a rad ical in itia to r (I2 ) such  as AIBN is  u sed , th e  ra te  can 
be d escribed  by equation  I  w here
kd
I2  ------- ► 2 1 - Ri = e 2  k j  [Ig]
and  e is the  in itiation effic iency  and  k j  the  d issociation  co n stan t fo r 
th e  in itia to r (117).
In  th e  p resen ce  of a ch a in -b reak in g  an tiox idan t (AH), the  
term ination  s tep s  can be w ritten  as
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and
ROO* + AH
(n - 1) ROO* + A
ROOH + A
- non-radical products
w here n is th e  sto ichiom etric fa c to r fo r th e  an tiox idan t. Then th e  
r a te  of oxidation is d esc rib ed  by
-d  [Og] kp  [RH] e 2 kd [I^]
d t n kg [AH]
(IV)
The stoichiom etric fa c to r  fo r an  an tiox idan t can  be determ ined  
b y  u s in g  th e  induction  p eriod  m ethod, w here
R t X T
n =
[AH]q
T is the  induction  period  and  [AH]q th e  in itia l an tiox idan t 
concen tra tion  (15, 118), The in d u c tio n  period is  th e  time determ ined  
b y  th e  point of in te rsec tio n  of th e  tan g en ts  to th e  in itia l in h ib ited  
and  fina l un inh ib ited  ra te s  of oxidation (15). '
Rj is determ ined b y  u s in g  an  an tioxidant w ith a known 
stoichiom etric fac to r, in  o u r case  BHT (n = 2) which has been  
recommended as a s ta n d a rd  to  m easure stoichiom etric fa c to rs  fo r 
o th e r  an tioxidants (15).
The in itia to r AIBN (2 ,2 '-b is (iso b u ty ro n itrile )) decom poses a t a  
c o n s ta n t ra te  to give two rad ica ls .
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kdI 2 N2  ----------   2 I* + N2
02 + 1- ---------^  100*
RH + 100* -------- ► lOQH + R*
The dissociation c o n s tan t has been  determ ined by  v a rio u s  m ethods to 
g ive
kd(M s” i) = 1.58 X lO^s e-30.8/R T  (119) ,i
and  th e  in itiation  effic iency  of each  rad ical is g iven  by
%e = --------------  (117)
2 kd  [In]
In  th is  c h ap te r , th e  k in e tics  of th e  inh ib ition  by  ethoxyquin  
and  th re e  of its  oxidation p ro d u c ts  in  AIBN in itia ted  au toxidation  of 
m ethyl linoleate is  examined.
7.2 Results and discussion
Figure 7.2,1 shows th e  AIBN in itia ted  oxygen u p tak e  fo r m ethyl 
linoleate a t 50 and  in Table 7.2.1, the  va lu es  u sed  fo r the 
calcu lations of th e  in itia tion  ra te  (R^) a re  shown. The in itia tion  ra te  
w as calculated by th e  in d u c tio n  period  method u s in g  BHT as an 
in h ib ito r .
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IFixture 7.2,1 Oxygen uptake of methyl linoleate in chlorobenzene (6 . 8  x
10-1 M) at 50 Oc, AIBN (4.5 x 1 0 “ 2  m).
4>
O5II
1 = no antioxidant
2 = BHT (1,8 X 10--* M)
0 10 20 30 40 50 60 70
Time (min)
Table 7.2.1 In itia tio n  ra te  (Rj) a t 50
BHT (M X 10-*) T» (min) Rji (Ms^i x 10^)
1.1 2 0 . 0 1.8
1.1 2 0 . 0 1.8
1.8 31.5 1.9
1.8 34.0 1.83.6 72.0 1.73.6 57.0 2.1
Mean (s) 1.8 (0.15)
^  T is  induction  period
The mean in itia tio n  ra te  1.8 x lO” ^ Ms"i will be u sed  in  all 
calcu lations. The calcu la ted  effic iency  is 91% w hich is  qu ite  high
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com pared to values pub lished  fo r v a rio u s  o th e r system s (15, 1 2 0 ), 
The same efficiency was assum ed fo r oxidation a t 30 °C.
Table 7,2,2 shows th e  re s u lts  ob tained  fo r un in h ib ited  linoleate
oxidation. The term  kp{2kt)“^  which is obtained  from equation  I,
kp -d [Ozl 1
(2kt>* dt [RH3 R.«
h as been  described  as th e  oxid isab ility  of th e  s u b s tra te  (117), The 
ch a in len g th  (v) is calcu la ted  from
-d [Ozl 1
V =   X —
dt . Ri
The oxidisability  com pares well w ith p rev io u sly  pub lished  
r e s u l ts  for m ethyl and e th y l linoleate u n d e r v a rio u s  conditions (2 . 0  -
2 . 8  X 10“^ M”^ s“^) which in d ica tes  th a t  th e  c lassica l k inetic  law is 
followed (117, 121-123), This is  also su p p o rte d  by  th e  v e ry  long chain  
len g th .
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Table 7.2.2 Initiated oxidation of methyl linoleate in chlorobenzene
(6 . 8  X 1 0 - 1  M) at 50 °C, AIBN (4.5 x 10“2 M)
Temp (OQ) k p (2 k t)-«
X 1Q2)
V
30 2.5 183.0
30 2.5 186.1
Mean (s) 2.5 184.6
50 2,5 40.7
50 2 . 6 42.1
50 2.3 37.3
50 2.3 36.6
2,4 (0.2) 39,2
In  Table 7.2.3 th e  re s u l ts  from use of vario u s  an tiox idan ts  a re  
shown. The term  fepk^-i is  calcu lated  from th e  in te g ra te d  form of 
eq u atio n  JV
[Oz^tzO -  = -
and  th e  chain  leng th  from
kp [RH]
In (1 - t/T )
V = [Ozlt ~ t‘^ 2H=o
n [AHJo (1 -  t/T) In (1 -  t/T) (15)
Both k p k g -i and v  w ere ca lcu la ted  a t two po in ts  fo r each ru n  (t/T = 
0.5 and  0.75) and the  oxygen u p tak e  was ex trapo lated  to t  % O.
1
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Table 7,2.3 Initiated and inh ib ited  oxidation o f m ethyl linoleate in
Antioxidant c (M x 10*)
bBHT 1 . 1
bfiHT 1 . 1
BHT 1 . 8
BHT 1 . 8
BHT 3.6
BHT 3.6
Average (s)
EQ 3.2
EQ 3.2
EQ 4.8
EQ 4.8
EQ 6.4
EQ 6.4
EQ 9.6
EQ 9.6
Average (s)
EQN 2 . 2
EQN 2 . 2
EQN 4.4
EQN 4.4
Average (s)
c HQL 1.3HQL 1,3
HQL 2.7
HQL 2.7
Average (s)
M) a t  50 Oc. AIBN (4.5 X 10-2 M)
T (min) t /T V kpka“  ^ (xlO®) n
■t
î'
2 0 . 0 2 . 0 » ; |
2 0 . 0 2 . 031,5 0.5 13.1 3.5 2 . 0
0.75 22.9 3.134.0 0.5 11.9 3.2 2 . 0
0.75 2 0 . 1 2.7
72.0 0.5 6 . 2 3.3 2 . 00.75 12.5 3,3 .#57.0 0,5 8 . 0 4.2 2 . 00.75 13.5 3.5
3 .4 (0 .4 )
79.5 0 .5 1.3 0.7 2.70,75 1.9 0 .5
59.0 0.5 1 . 0 0.7 2 . 0 10.75 1 . 6 0 , 6
1 0 1 . 0 0.5 0 . 6 0.5 2.30.75 0,9 0 .4 31 2 0 , 0 0.5 0.9 0 ,7 2.70.75 1.7 0 . 6
116.0 0.5 2 . 1 2 . 2 2 . 0
0,75 3,1 1.7
107.0 0,5 2.7 2.9 1 . 8
0.75 4.0 2 . 1242,0 0.5 1 , 2 1.9 2.7
0,75 1.7 1.5 " i2 2 2 . 0 0.5 1 . 1 1.7 2.5
0.75 1 . 6 1.3
1 .3 (0 .8 ) 2 .3 (0 .4 )
41,0 0,5 4.1 1.3 2 . 0 40.75 9.4 1.439,0 0 .5 2,9 0.9 1.90.75 4,6 0.7
77.0 0 .5 6 . 8 4.1 1,9 '40.75 1 0 . 8 3.3
6 8 . 0 0 .5 4.3 2 . 6 1.7
0.75 7,1 2 . 2 'I
2 . 1 ( 1 . 2 ) 1 .9 (0 ,1 )
33.5 2.732.0 2 . 657,0 2,362.0 2.5
2 .5(0.2)
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BHT - butylated hydroxytoluene
EQ - ethoxyquin
EQN - ethoxyquin nitroxide
HQL - 1,2-dihydro-6-hydroxy-2,2,4-trimethylquinoline 
® literature value
^ inhibition period was too short for accurate estimation of 
the inhibited oxygen uptake 
° no oxygen uptake was observed during inhibition period
Ethoxyquin has a stoichiom etric fac to r of 2.3, b u t th e  s tan d a rd  
deviation is qu ite  high. However, if th e  values fo r th e  6.4 x 10~* M 
concen tra tion  w here th e  induction  period was re la tiv e ly  much s h o r te r  
a re  excluded, th e  stoichiom etric fac to r becomes 2.5 (0.3). The 
value  is noticeably  lower fo r e thoxyquin  th an  BHT which in d ica tes  a 
fa s te r  term ination. F urtherm ore , th e  chain  len g th  fo r similar 
concen tra tions is much longer fo r th e  BHT in h ib ited  oxidations.
Although not a  hy d ro g en  donating  an tiox idan t, th e  n itroxide 
has sligh tly  h ig h er term ination  ra te  co n stan t (lower k pk^” ^) th an  
BHT. The chain  len g th  is  also sh o rte r  b u t th e  stoichiom etric fac to r 
is  only 1.9 (0.1).
The hydroxyquinoline is a v e ry  good h y d ro g en  donor as  can be 
seen  from the  fac t th a t  u n d e r th e  experim ental conditions employed, 
no oxygen up tak e  was ob serv ed  d u rin g  th e  inh ib ition  period . 
T herefore , estim ation of v  and kpk^"^ was im possible. The 
stoichiom etric fac to r was calcu lated  to be 2.5 (0.2) which is  sim ilar to 
th a t  fo r ethoxyquin.
According to  B urton  and Ingold (15), th e  b reak  betw een the  
in h ib ited  and u n inh ib ited  period on th e  oxidation c u rv e s  is  sh a rp e r
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for more effective antioxidants. Figure 7*2.2 shows an example for
ethoxyquin and i,2-dihydro-6-hydroxy-2,2,4--trimethylquinollne
inhibited oxidation, and the break is very  sharp for both compounds.
F igu re  7.2.2 In itia ted  and  in h ib ited  oxidation of m ethyl linoleate in 
ch lorobenzene (6 . 8  x 10“  ^ M) a t  50 °C, AIBN (4.5 x lO"’^ M).
atrHIII
20
15
10
5
1.00
100 1208040 60200
1 = EQ (3.2 x 10-^ M)
2 = HQL (2.7 X 10-+ M)
Time (min)
2,6-Dihydro-2,2,4~trim ethyl~6-*quinolone did no t show any  
obvious inhib ition  p e rio d , b u t i t  d id  decrease  th e  r a te  of oxygen 
u p tak e  and th e  chain  len g th .
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Table 7.2.4 Initiated oxidation o f m ethyl linoleate in ch lorobenzene
(6.8 X 10”  ^ M) containing 2 ,6-d ihydro-2 ,2 ,4 -trim ethyl~6-qu inolone at
50 °C. AIBN (4.5 x 1 0 “ 2  m)
c
(M X 10+)
V d [0 ] d t
(MM-ig-i X 10®)
2,3 28.1 7.6
2.3 27.2 7.2
4.5 28.9 7.6
4.5 28.9 7.7
9.0 26.7 7.0
9.0 27.4 7.3
Average (s) 27.9 (0 .9 ) 7.4 (0 .3 )
The chain len g th  has d ecreased  fi'om 39.2 to  27.9, and  the  
oxygen up tak e  from 10.3 (0.7) x 10~® to 7,4 (0.3) x 10"® MM-^s” ^. At 
30 °C th e  chain leng th  decreased  184.6 (2,2) to 137.1 (30) and th e  ra te  
from 2.3 (O) x 10“® to 1.7 (0.4) x 10“ ® MM“ ^s“ ^. This in d ica tes  a v e ry  
slow reaction  w ith p e ro x y -rad ica ls , b u t also shows th a t th e  
6 -quino lone does not owe all i ts  an tiox idan t p ro p e rtie s  to  reac tio n s  
w ith  a lk y l-rad ica ls . This a g re e s  to  re s u lts  by  Varlamov et  a] (111), 
w here th e  quinone imine 4 - ( phenylim ino ) -c  yclohexa-2,5-die n - l-o  ne 
re a c ts  not only with a lk y l-rad ica ls , b u t also w ith p e ro x y -rad ica ls.
Table 7.2.5 shows th e  ra te  of oxygen u p tak e  a f te r  th e  inh ib ition  
period  of th e  an tiox idan ts u sed  and  th e  re s u lts  a re  illu s tra te d  in  
F ig u re  7.2,3.
I t  is  likely th a t form ation of th e  6 -quinolone compound re d u c es  
th e  oxygen up take  a f te r  the  in h ib itio n  period .
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Table 7,2.5 Oxygen uptake after inhibition period of antioxidants in
methyl linoleate in chlorobenzene (6 . 8  x 10~  ^ M) a t 50 ®C. AIBN (4.5
X 1 0 -2  M).
Antioxidant
(M X 10+)
d [0 ?]a
dt
(MM-ig-i X 10*)
BHT 1 . 1 10.7 (0 .6 )
BHT 1 . 8 9.8 (0,8)
BHT 3.6 9.4 (0 .8 )
EQ 3.2 8 . 2  (0 .1 )
EQ 4.8 7.5 (0,5)
EQ 6.4 8 . 2  (0 .2 )
EQ 9.6 5.8 (0.4)
EQN 2 , 2 8.7 (1.6)
EQN 4.4 7.7 (0.8)
HQL 1.3 9.4 (0.4)
HQL 2.7 8 . 1  (0 .1 )
® Average of two
II
I
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Figure 7,2*3 Oxygen uptake after inhibition period of antioxidants in
methyl linoleate in chlorobenzene (6 , 8  x 10"  ^ M) at 50 AIBN (4.5
X 1 0 -2  M).
'I
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0
100 82 4 6
1 = BHT
2 = QL
3 = EQ
4 = HQL
5 = EQN
■ii
Concentration (M x 10+)
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E thoxyquin, in th is  system , can  p robab ly  form its  n itrox ide  
w hich is itse lf  a s tro n g  an tiox idan t. A possib le reactio n  mechanism 
could be:
C2H5 C2H5
ROOH N "CH3
C2H5 C2H5
Alkene + Og
ROO
ROOH
However due to  various side reac tio n s  eg  d im érisation o r  form ation of 
th e  6 -qu ino lone th e  stoichiom etric fac to r is  only 2.3 -  2.5 in s te ad  of 3 
-  4 o r  h ig h e r.
The h igh  stoichiom etric fac to r fo r  the  6 - hydroxyquino line is 
p ro b ab ly  due prim arily  to  a re lease  of two h y d ro g en s. A n itrox ide  
could also  be form ed o r a rad ica l add ition  could in c rease  th e  fac to r 
from  2 to  2,5.
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Ethoxyquin  (I) is a  v e ry  pow erful an tiox idan t in  fish  oils and 
fish  meal. The mechanism of its  an tioxidant a c tiv ity  is complicated by 
th e  fa c t th a t  it is itse lf oxidised to  a t leas t th re e  p ro d u c ts , two of 
which a re  them selves s tro n g  antioxidants.
2 ,6-D ihydro-2,2,4~trim ethyl-6-quinolone (II) was iso la ted  and  
id en tified  as an  oxidation p ro d u c t of ethoxyquin  in autoxid ising  
m ethyl linoleate, c ru d e  fish  oil and  fish  meal, b u t also as  a p ro d u c t 
of te r t-b u to x y  rad ica l oxidation of ethoxyquin.
The 1,8* dimer (III) of ethoxyquin  was iden tified  in  th e  same 
system s as  was th e  6 -quinolone. However, i t  had no an tioxidant 
p ro p e rtie s .
The form ation of e thoxyquin  n itroxide (IV) was shown by ESR
in v estig a tio n s, w here e thoxyquin  was con v erted  to  th e  am ino-radical
(V) which by  reaction  w ith p e roxy-rad ica ls  can  form th e  n itroxide,
E thoxyquin nitroxide was la te r  made from a reactio n  of e thoxyquin
and h y d ro g en  peroxide in th e  p resen ce  of sodium tu n g s ta te , and
iso lated  in p u re  form by p re p a ra tiv e  HPLC.
ÇH3
C2H5
C2H5x6< I I
C2H5
C2H5
IV
III
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The formation of ethoxyquin nitroxide and its antioxidant
mechanism is formulated in the following sequence.
C2H5
ROOH
C2H5 R'(ROO') C2H5
Alkene (+ O2) VI CH
ROOH
A ccording to  th is  scheme, th e  n itroxide a b s tra c ts  a  h y d rogen  from an 
a lk y l-  o r a p e ro x y -rad ica l to form hydroxylam ine (VI) and an alkene. 
This p roposal resem bles th e  mechanism shown fo r th e  form ation and  
an tiox idan t mechanism of n itrox ides by  Denisov et  al  (23) and Scott 
(10). However, th e  lifetime of ethoxyquin  n itrox ide is  shortened  due 
to  side reac tio n s , and th e  main p ro d u c t is 2 ,6 -d ihydro-2 ,2 ,4 - 
trim ethy l-6 -qu ino lone-N -ox ide  (VII). This quinolone-N -oxide may be 
form ed by a rad ica l add ition  of position 6, followed by an elimination 
reac tio n  to  form th e  quinolone-N -oxide,
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C2 H5
QzHs C2H5 Q
o -
CH3 +  XEt 
CH3
X= RO' or ROO'
VII
This is  similar to  th e  add ition  of a  peroxy -rad ical in  position  4 of th e  
d iphenylam ine-rad ical (24), b u t h e re  th e  keto-oxygen is  p rov ided  by 
th e  peroxy-rad ical.
PhiN- +  ROO'
ROO
H
NPh
+  ROH
However, we have shown th a t th e  N-oxide is read ily  p ro duced  d u rin g  
p rep a ra tio n  of the  n itrox ide  (IV) in  th e  absence of peroxy, a lkoxy- o r 
a lk y l-rad ica ls . The ease  of th is  side reaction can explain why 
ethoxyqu in  nitroxide is no t su p e rio r  to ethoxyquin as an  an tioxidant.
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The N-oxide (VII), w hen added  to  autoxidising oil, p roduced  th e  
co rresp o n d in g  quinolone (II), which also had s tro n g  an tiox idan t 
p ro p e rtie s  in  oils and  f ish  meal.
The form ation of 2 ,6~dihydro~2,2,4-trim ethyl-6-quinolone (II) 
from ethoxyquin  may p ro ceed  by  a similar sequence to  th e  form ation
of th e  N-oxide (VII) from  e thoxyqu in  nitroxide.
CH3 CH3
I  ^ ROOHH
CH3
CH3
C2H5
CH3
BO. I
CH3
CH3
CH3 +  x a  X= RO-orROO*
N" "CH3
The stoichiom etric fa c to r  fo r ethoxyquin  of 2.3 -  2.5 can  th e n  be 
explained in  p a r t  by  th e  above mechanism, and p a r tly  by  form ation of 
th e  n itroxide (IV).
A lthough 2,6 -d ih y d ro -2 ,2 ,4-trim ethy 1-6-quinolone was found to  
be ineffective  in  AIBN -initiated linoleate autoxidation, i t  p roved  to  be 
a  v e ry  pow erful an tiox idan t in  fish  oil and fish  meal. In  fac t, 
w hereas ethoxyquin  sometimes showed in itia l p ro -ox idan t e ffec ts  o r a 
delayed inhibition, th e  quinolone was immediately effective . I ts  
an tiox idant p ro p e rtie s  can  be linked to  th e  fac t th a t  u n d e r c e r ta in  
conditions such  as U V -light and  in the  p resence  of te r t-b u ty lh y d ro -  
peroxide, it p roduces an  ESR-spectrum , possib ly  of th e  d i-rad ica l 
(VIII).
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This rad ica l can  th en  possib ly  u n d erg o  red u c tio n  by  an  a lk y l- o r a  
p e ro x y -rad ica l o r a  s tra ig h t  rad ica l addition  can  occur.
2 R'(ROO')
N "CHs
V III alkenes (+ 2 O )^
DC
l,2 -D ihydro-6 -hydroxy-2 ,2 ,4 -trim ethy lqu ino line  (IX) was
p re p a re d  from ethoxyqu in  and found to  be a v e ry  good an tioxidant 
(n = 2.5). A sto ichiom etric fac to r of 2 is  easily  explained by the  
reaction ;
2R00
2 ROOH
and th e  d ifferen ce  (n = 0.5) by a mechanism su ch  as shown above 
fo r th e  6-quinolone.
The l,8 '-d im er of e thoxyquin  (III) was found to  have no 
an tiox idan t p ro p e rtie s . I ts  form ation se rv es  as an  a lte rn a tiv e  to the  
form ation of th e  6-quinolone or e thoxyquin  n itrox ide, w ith co n seq u en t 
loss of an tiox idan t ac tiv ity . Dimer form ation p ro b ab ly  becomes more 
sig n ifican t a t h ig h e r e thoxyquin  concen tra tion  such  as  a re  sometimes 
used  in  fish  meal,
2,4-D im ethyl-6-ethoxyquinoline (X) which can  also be obtained
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from  e thoxyqu in  was shown to have p ro -o x id an t e ffec ts  in  fish  oil. 
However, th is  is mainly a  p ro d u c t of a  h igh  tem p era tu re  reaction  and 
is  th e re fo re  h a rd ly  im portan t in  oils o r fish  meal u n d e r normal 
cond itions.
BO
X
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CHAPTER 1 -  GENERAL METHODS
A nalytical high perform ance liquid  ch rom atog raphy  (HPLC) was 
ca rr ie d  ou t on a silica column (25 cm x 4.6 mm id, 8 U g enera l 
p u rp o se  silica, Phase Sep.). The silica (3.6 g) was s lu rrie d  in  
m ethanol (33 ml) and  the  column was packed  (7000 psi) w ith m ethanol 
and  th e n  e th y l ace ta te . The so lven t pum p (W aters 6000) was coupled 
to  an  in jec to r (Rheodyne 7125) w ith a  100 fA loop. A variab le  
w aveleng th  U V -detector (W aters 450) was u sed  and  a S p ec tra  P hysics  |
(SP4100) com puting in te g ra to r  was u sed  to  p r in t  tra c e s . For some 
experim ents a Varian 9060 polychrom  d e tec to r w ith a  HP Think Je t 
p r in te r  was u sed . This u n it re co rd s  th e  U V -spectrum  of each peak  
and  ca lcu la tes a  so called p u r ity  p a ram eter de riv ed  from th e  
spectrum . Each compound has i ts  own p u r ity  p a ram eter which can  
be u sed  to  id en tify  the  compound, o r m onitor th e  hom ogenety of the  
peak  (1).
Two p re p a ra tiv e  silica HPLC columns w ere packed fo r isolation s
and  p u rifica tio n  of th e  v a rio u s  com pounds made. The silica (57 g, Li 
C roprep  Si 60, 5-20 Merck) was s lu rr ie d  in  m ethanol (150 ml) and 
th e  column (25 cm x 22 mm id) was packed (4000 psi) w ith methanol 
(500 ml) followed by e th y l ace ta te  (500 ml), A sm aller p re p a ra tiv e  
column (25 cm x 10 mm id) was packed from th e  silica used  fo r th e  %
i ian aly tica l column. The silica (16 g) was s lu rr ie d  in  m ethanol (150 ml) 
and  th e  column was packed w ith m ethanol (300 ml) followed by  e th y l 
a ce ta te  (200 ml).
The mobile phase was isopropanol in  hexane (HPLC grade) and &
a m ixture such  as  2% i ^ / y )  isopropanol in  hexane is  re fe r re d  to  as  3
2% IPO.
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Gas chromatographic (GO) analyses of ethoxyquin and
2,4-dlm ethyl-6-*ethoxyquinoline w ere ca rried  ou t on a PYE 104 
chrom atograph w ith a  flame ionisation  detec to r. The packed g lass  |
Icolumn (180 cm x 2 mm id) contained  SE-30 on Chrom WHP 80/120 
Mesh, The gas flow ra te s  and  oven tem p era tu re  conditions a re  
desc rib ed  fo r the  ind iv idual experim ents in  la te r  c h ap te rs .
For m ethyl e s te r  an a ly sis , an HP 5880 system  o p era ted  in  the  
sp litle ss  mode was used . The cap illa ry  column was a D urabond (0.25 
fu film, 25 m X 0.2 mm id, J  & W Scientific Inc., California, USA). The 
c a r r ie r  gas was n itro g en  a t 17 p s i p re s su re  and  h y d ro g en  and a ir 
w ere a t 40 and 20 p s i re sp ec tiv e ly . The in itia l oven  tem p era tu re  
(50®C) was held fo r 3 m inutes and  th en  ra ised  a t 25 *^C/min to  140 ®C
...Iand  th e re  a f te r  a t 3 °C /m in to  240 ®C. The in je c to r and  d e tec to r %
tem p era tu re  were m aintained a t 300 °C and the  to ta l ru n  time was 55 
m inutes.
The GC-MS system  used  was an  HP5790 chrom atograph  linked to  
a  VG 16F mass spec trom eter in  El-mode (70 eV) w ith th e  in le t and 
sou rce  tem p era tu res  a t 250 and  200 °C re sp ec tiv e ly . VG 2250 DS 
was used  fo r da ta  p ro cess in g . The fu sed  silica cap illa ry  column was 
a nonpolar bonded m ethyl silicone (25 m x 0.2 mm id, H P-ultra  
perform ance) and th e  c a r r ie r  gas  was helium (10 p s i). The in itia l 
oven tem pera tu re  of 50 °C was held fo r 3 min and  th e n  ra ised  a t 10 
^C/min to  a  final tem p e ra tu re  of 260 *^ 0 held fo r 10 m inutes. The 
in je c to r tem pera tu re  was 260 ®C.
Thin layer ch rom atography  (TLC) was done on silica p la te s  from 
M erck and Whatman (silica on g lass) and from Camlab (silica on 4;
aluminium). P lates w ere also  p re p a re d  by sp read in g  aqueous silica 
s lu r ry  (2g w a te r /g  silica) o v er g la ss  p la tes. All p la te s  w ere 20 x 5
cm in  a re a  and 0.25 mm th ick . The developing so lven t was u su a lly  a 
m ixture of petroleum  e th e r  (bp 40-60  °C) and d ie thy l e th e r . Solvent 4
m ixtures such  as 20% (^ /^ )  d ie thy l e th e r  in  petroleum  e th e r  will be 
re fe r re d  to  as PE 20. The chrom atogram s w ere viewed u n d e r  |
U V-light o r by sp ray in g  w ith an  ethanolic  solution (10% of
phosphom olybdic acid, followed by heating  over 120 fo r 1-2
m inutes.
Liquid scintillation coun ting  was done on a Iso cap /300  co u n te r , 
model 6868. All samples w ere counted  in  low -potassium  sc in tilla tion  
tu b e s  and were dissolved in NE 260 liquid scin tilla tion  so lution 
(Nuclear E n te rp rise s , E d inburgh ). The co u n ter was used  in p rogram  
2 mode and counting  time was 20 m inutes p e r sample. Efficiency
s ta n d a rd  cu rv es  w ere p re p a re d  by th e  u se  of quench ing  s ta n d a rd s
(Amer sham -  Sear le),
^^C -scanning of TLC p la tes  was done on a Panax rad io  th in  
lay er scan n er with th e  s lit w idth se t a t 2 mm. The coun ting  gas was 
bu tan e  (1.5%) in  helium.
Proton  nuclear m agnetic resonance  (NMR) sp ec tra  w ere reco rd ed  
on a B ruker WP-80 in s tru m en t a t 80 MHz. Samples w ere d isso lved  
in d eu te ria ted  chloroform or acetone (0.5 M). ^^C-NMR sp ec tra  w ere 
reco rd ed  on a Varian CFT-20 in s tru m en t a t 20 MHz using  so lu tions in  
deuterochloroform  (0.5 -  1,0 M).
Mass sp ec tra  w ere reco rd ed  on an AEI MS902 double focusing  
mass spectrom eter. The e lec tro n  source  was se t a t 70 eV and  th e  
source  h ea te r a t 250 °C.
U V -spectra were reco rd ed  on a Pye-Unicam SP8-100 in s tru m en t >
and  IR -sp ec tra  on a P erk in  Elmer 1420 ra tio  re c o rd e r , u sing  th in  
films betw een sodium chloride d iscs. M icroanalysis were done on a
135
Carlo Elba 1106 elem ental an a ly se r.
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CHAPTER 2 -  PREPARATION OF ETHOXYQUIN AND SOME OF ITS 
DERIVATIVES
2.1.1 P rep a ra tio n  of unlabeUed and  labeHed e thoxyqu in
R edistilled acetone and p -p h en e tid in e  (A ldrich 98%, used  
w ithou t f u r th e r  purifica tion ) in  th e  q u a n titite s  in d ica ted  below, were 
refluxed  w ith iodine (1% of p -p h en e tid in e  w eight) a t  145-150 in  
xylene (50 ml). All th e  reactions w ere c a rrie d  o u t u n d e r  n itrogen  in 
th e  d a rk  and  in  th e  second reaction  a "Dean and  S ta rk "  receiver was 
in tro d u ced  betw een th e  flask  and  th e  con d en ser in  o rd e r  to estim ate 
th e  w ater form ed,
p -p h en e tid in e  (mole/g) acetone (mole/g)
1 0.15/20,6 0.075/4.3
2 0,1 /13,7 0.1 /5 .8
3 0,1 /13,7 0.2 /11.6
Samples (0.1-0.2 g) w ere tak en  from th e  reac tio n  m ixtures a t 
d if fe re n t tim es fo r GC-examination (SE-30 column). The in itial oven
tem p era tu re  of 100 was ra ised  a t  4 ®C/min u p  to  the  final |
tem p e ra tu re  200 ®C, The c a r r ie r  g as was n itro g en  a t 33 ml/min.
The sam ples w ere dissolved in  a  solution (10 ml) of N,N-dimethyl- 
an iline  in  d ie th y le th e r (1,33 g/1 and  la te r  1,07 g/1). The N,N- 1
dim ethylaniline se rv ed  as an  in te rn a l s ta n d a rd  in  o rd e r  to allow
estim ation  of e thoxyquin  form ed. The sam ples w ere also examined by  
TLC (PESO).
One reactio n  was c a rried  ou t w ithou t xylene. Acetone (23,2 g) 
and  p -p h en e tid in e  (27,4 g) w ere heated  u n d e r re flu x  w ith iodine (0,34
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g) and the formation of ethoxyquin was monitored as before,
2.1.2 Prepajpation of un labelled  e thoxyqu in
Following th ese  p relim inary  experim ents, p -p h en e tid in e  (68,6 g ), 
ace tone  (29.1 g) and iodine (0.85 g) w ere refluxed in  xylene (250 ml) 
fo r 28 h o u rs  u n d e r n itro g en  in  th e  dark .
The reaction  solution was ex trac ted  w ith aqueous hydroch lo ric  
acid (0,1 M, 300 ml and  1,0 M, 3 x 500 ml). Each ex trac t w as 
sep a ra te ly  made basic w ith sodium hydroxide and  ex trac ted  w ith 
d ie thy l e th e r  (3 x 250 ml) which was th en  d ried  over sodium 
su lp h a te , filte red  and evaporated  to  d ry n ess  on a ro ta ry  ev ap o ra to r. 
I t  was ap p a ren t from TLC (PE60) th a t th e  la s t two acidic e x tra c ts  
con tained  the  m ajority  of ethoxyquin  formed. These w ere combined 
and  p u rified  by silica ad so rp tio n  column chrom atography (70 cm x 28 
mm id).
The silica column was e lu ted  w ith portions of petroleum  e th e r  
(500 ml) contain ing inc reasin g  concen tra tions of d ie thy l e th e r  (P, 
PE5, PEIO etc) and th e  frac tio n s  w ere examined by  TLC (PE60),
2.1.3 P rep ara tion  of ^^C -ethoxyquin
2,4-^^C-Ethoxyquin was made by  modification of th e  method of 
Muller (2) using  2-^*C-acetone (500 juCi, 57,2 yjCi/mmole, Amersham 
In te rn a tio n a l, UK) obtained in  sealed qu ick fit g lass tu b es.
The f ir s t  p rep a ra tio n  involved refluxing  a m ixture of acetone 
con tain ing  the  radiolabelled m aterial (1,0 g), p -p h en e tid in e  (2.4 g) and  
iodine (3,9 x lO"^ g) in red is tilled  xylene (10 ml) fo r 28 h o u rs  u n d e r 
th e  same conditions as  before. A fter d ry in g  over sodium su lp h ate , 
th e  p ro d u c t was pu rified  by ad so rp tio n  column chrom atography  (40
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cm X 22 mm id) on silica. The column was elu ted  w ith portions of 
petroleum  e th er (100 ml) con tain ing  d ie thy l e th e r  (P, PE5, PEIO etc) 
and  frac tions (25 ml) w ere collected. The in itia l and final reaction  
m ixture were examined by  TLC (PE60) and  a rad io  th in  lay er scanner.
The rad ioactiv ity  was m easured  in  a portion  (0.6 ml) of each column 
frac tion .
In a la te r p re p a ra tio n , red is tilled  acetone contain ing  th e  
radiolabelled m aterial (1.0 g), red is tilled  p -p h en e tid in e  (1.2 g) and 
iodine (1.5 x 10“^ g) w ere refluxed  in  xylene (10 ml) u n d e r th e  same 
conditions as before. A fter 32 h o u rs  th e  solution was cooled, 
aqueous sodium hydrox ide (2 M, 25 ml) was added  and  the  m ixture 
was ex tracted  with hexane (3 x 25 ml). The combined e x trac ts  w ere 
w ashed with aqueous sodium hydroxide (1 M, 25 ml) and  dried  over 
sodium su lphate  before rem oving th e  hexane and th e  xylene, f i r s t  on 
a ro ta ry  evapo rato r and  fina lly  on a vacuum  pump.
The p ro d u c t (d a rk  oil, 1.53 g) was d ivided in to  fou r equal 
po rtions and purified  on p re p a ra tiv e  HPLC (25 cm x 22 mm id, 2% IPO 
a t 4 ml/min). F rac tions w ere collected (initially 4 ml) and examined 
by  analytical HPLC (2% IPO a t 2 ml/min), The rad ioactiv ity  was 
determ ined on a portion  (0.1 ml) of each frac tio n  from the  second 
p rep a ra tiv e  ru n , A sample of th e  no n -p u rified  oil was also examined 
by  analy tical HPLC an d  frac tio n s  collected fo r rad ioactiv ity  
m easurem ents,
UFractions from th e  p re p a ra tiv e  ru n s , con tain ing  more th an  99% 
ethoxyquin  by HPLC, w ere combined and  made up  to  volume (350 ml)
in  hexane. The rad io ac tiv ity  was m easured in two sam ples (0.05 ml) "
1and  a fu r th e r  sample was examined by  analy tical HPLC (2% IPO a t 2 *
ml/min and methanol a t 10 min) and frac tio n s  w ere collected fo r
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rad io ac tiv ity  coun ting  a s  before.
The whole volume of each analy tical HPLC frac tio n  w as u sed  fo r 
rad ioactiv ity  m easurem ents, except for th e  la s t m ethanol frac tio n  
w here a portion  (3 ml) was tak en  to  d ry n e ss  before  coun ting .
2.2 P rep ara tio n  of 2»4-dim ethyl-6’-ethoxyquinoline
Ethoxyquin (150 mg), p u rified  by silica ad so rb tio n  column
chrom atography, was hea ted  (250 *^ C) in five equal p o rtio n s  in  open 
flask s. At two m inute in te rv a ls  one sample was d isso lved  in  d ie thy l
e th e r  and examined by  TLC (PE50) and GC (SE-30), The oven
tem p era tu re  was iso therm al a t 160 ^C and  th e  c a r r ie r  gas was 
n itro g en  a t 15 p s i (flow ra te  unknow n),
The quinoline d e riv a tiv e  was p rep a red  from e thoxyqu in  in  two 
w ays. In  th e  f i r s t  m ethod, commercial e thoxyquin  (Rexoquin 100, 
Rexolin, 2,0 g) was h eated  (280 ®C, 13 min) in an  open flask . The 
d e sired  p ro d u c t was th e n  iso lated  by silica ad so rp tio n  column
chrom atography  (70 cm x 22 mm id). The column was e lu ted  w ith 
po rtio n s  of petroleum  e th e r  (600 ml) contain ing  d ie th y l e th e r  (P, PE5, 
PEIO etc).
The second p re p a ra tio n  was a modification of a method by 
Gallagher and S tah r (3), Commercial ethoxyquin  (Rexoquin 100, 7,1 g) 
in  xylene (100 ml) was refluxed  fo r 18 ho u rs  while b u b b lin g  oxygen 
th ro u g h . The re su ltin g  m ixture was shaken  w ith chloroform  (100 ml) 
and aqueous hyd roch lo ric  acid (1 M, 200 ml), and th e  aqueous phase  
rem oved and made basic w ith sodium hydroxide. This was ex trac ted  
w ith chloroform  (2 x 100 ml) and  th e  chloroform  was w ashed w ith 
w ater (2 x 100 ml) befo re  d ry in g  over sodium su lphate , f il te r in g  and 
rem oving th e  so lven t on a ro ta ry  evapo ra to r. The p ro d u c t (mp 86-87
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°C) was purified by crystallisation from petroleum ether and examined
and found to be pure by TLC.
2.3 P reparation  of 1.2-dihydro-6-ethoxy-2.2.4-trim ethyIquinoline-  
nitroxide
A modification of method by Lin and  Olcott (4) was used  to  
make e thoxyquin  in to  i ts  n itroxide. E thoxyquin (1.0 g,  p u rified  by  
silica ad so rp tio n  column chrom atography) was d isso lved  in  e thanol (40 
ml) and  added  to  a so lution of sodium tu n g s ta te  (102 mg, K och-Light 
Lab) and  EDTA disodium  sa lt (177 mg) in w ater (8 ml). A fter add ing  
h y d ro g en  peroxide (30%, 10 ml), th e  solution was s t ir re d  a t room 
tem p era tu re  fo r 4 ho u rs . Water (60 ml) was th e n  added  and th e  
solution sa tu ra te d  w ith potassium  b icarbonate  and  ex trac ted  w ith 
benzene (2 x 60 ml). The benzene ex trac t was w ashed w ith w ater (4 
X 100 ml), d ried  over potassium  b icarbonate  and  filte red . The so lven t 
was rem oved on a  ro ta ry  ev ap o ra to r and a vacuum  pump.
Iso lation  of th e  n itrox ide  from th e  v iscous re d  oily p ro d u c t by  
ad so rp tio n  column chrom atography  (silica and  aluminium oxide pH 9.3 
-  9,7, chloroform ) was un su ccessfu l, b u t p u rifica tio n  was la te r
ach ieved  by  p re p a ra tiv e  HPLC,
The c ru d e  p ro d u c t (400 mg) was d isso lved  in hexane (2 ml) 
and  in jec ted  onto  a p re p a ra tiv e  HPLC column (25 cm x 22 mm id, 7% 
IPO a t  7 ml/min). The c ru d e  p ro d u c t and  frac tio n s  from th e  
p re p a ra tiv e  HPLC w ere examined by analy tica l HPLC (2% IPO a t 2 
ml/min fo r 5 min, 3 ml/min fo r 3 min and finally  4 ml/min).
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2*4 P rep a ra tio n  of 2.6~dihydro~2«2,4-trlm ethyl~6~quinolone
Ethoxyquin (0.49 g,  p u rified  by p re p a ra tiv e  HPLC) was
disso lved  in  ethanol (50 ml). An equim oiar am ount of
te rt-b u ty lh y d ro p e ro x id e  (70%, 0.31 ml) was added , followed by  an
aqueous solution of ammonium fe rro u s  su lp h a te  (0.88 g in  20 ml).
A fter s t i r r in g  a t room tem p era tu re  fo r 26 h o u rs , aq u eo u s 
hyd roch lo ric  acid was added  (1 M, 100 ml) and  th e  m ixture w as
e x tra c te d  w ith hexane (3 x 100 ml). The hexane was ex trac ted  w ith 
aqueous hydroch loric  acid solution (1 M, 2 x 100 ml) and  all th e  acid  
p h ases  w ere combined and  made basic w ith sodium hydroxide. They 
w ere th en  ex trac ted  w ith hexane (4 x 100 ml) and the  hexane e x tra c t 
was w ashed with aqueous sodium hydroxide (1 M, 3 x 100 ml). A fter 
d ry in g  ov er sodium su lp h a te  and rem oving th e  so lven t on a ro ta ry  
ev ap o ra to r and a vacuum  pump, a  re d  oil (0.24 g) was obtained .
D uring th e  reaction , th e  m ixture was examined by  TLC (PE60) 
and  th e  c ru d e  p ro d u c t by  analy tica l HPLC (2% IPO a t  2 ml/min). i
The d esired  p ro d u c t was p u rified  by p re p a ra tiv e  HPLC (25 cm 
X 22 mm id , 4% IPO a t 6 ml/min), and w hen needed , a f u r th e r  
pu rifica tio n  was p rov ided  by  a sm aller p re p a ra tiv e  HPLC column (25 
cm X 10 mm id , 3% IPO a t 3 ml/min). All frac tio n s  w ere examined by 
analy tica l HPLC (2% IPO a t 2 ml/min).
2*5 P rep a ra tio n  of th e  l«8*-dimer o f e thoxyquin
From th e  reaction  d esc rib ed  in  section 2.4, the  hexane e x tra c t |
of th e  acidified  reaction  m ixture was d ried  ov er sodium su lp h a te  and  ^
th e  so lven t was th en  rem oved on a ro ta ry  ev ap o ra to r to  leave a  solid 
m aterial (0.20 g). The p ro d u c t was pu rified  by p re p a ra tiv e  HPLC (25 
cm X 22 mm id, 2% IPO a t 3 ml/min) and frac tio n s  w ere examined by
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analy tica l HPLC (2% IPO a t 2 ml/min).
2.6 P rep a ra tio n  of l,2~dihydrc>-6-hydroxy--2.2t4-trim ethylquinoline
Ethoxyquin (5 g, p u rified  by  silica ad so r p ito n  column 
chrom atography) was re fluxed  (120 ®C) with hydrobrom ie acid (48%, 
20 ml). The flask  was opened e v e ry  30 m inutes to  re lease  th e  e th y l 
bromide form ed. A fter th re e  h o u rs , the  flask  was le ft open fo r  an  
hour while boiling away most of th e  liquid. A fter d ry in g  on a ro ta ry  
evap o ra to r, w ater (50 ml) was added  followed by aqueous sodium 
hydroxide (2 M) u n til pH 10 was reached. The solution was th en  
filte red , and th e  solids w ere w ashed with w ater (100 ml). They w ere 
th en  mixed with benzene (200 ml) and the  w a ter/b en zen e  azeo trope 
was rem oved on a ro ta ry  ev ap o ra to r to  give a g reen  pow der (3.65 g). 
By rep ea ted  c ry s ta llisa tio n  from toluene, co lourless c ry s ta ls  w ere 
obtained  (mp 170-172 °C (decom p.)). The p ro d u c t was examined and  
found to  be p u re  by  TLC (PE 60).
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CHAPTER 3 -  ESR STUDIES OF ETHOXYQUIN AND SOME OF ITS 
OXIDATION PRODUCTS
ESR sp ec tra  (3335 Gs, 9.3 GHz) were reco rded  w ith a B ru k er 
ER200D spectrom eter.
Ethoxyquin was p u rif ied  by  e ith e r p rep a ra tiv e  HPLC o r silica 
adsorp tion  column ch rom atog raphy . The sp ec tra  w ere ob ta ined  from 
solutions in  n -h ep tan e , to luene  o r d i-  te rt-b u ty lp e ro x id e  (1 x lO”’^  M) 
and one solution (F igure  3.2.3) was degassed  by rep ea ted  freeze -th aw  
cycles before reco rd in g  of th e  spectrum .
Ethoxyquin n itrox ide , p u rified  by p re p a ra tiv e  HPLC, was 
dissolved in  benzene (1 x 10"* M), and n itrogen  was p assed  th ro u g h  
th e  solution before re c o rd in g  of th e  spec tra .
Solutions of l,2 -d ih y d ro -6 -h y d ro x y -2 ,2 ,4 -trim eth y lq u in o lin e  and
2 ,6-d ihydro-2 ,2 ,4~ trim ethy l-6-qu ino lone in te r t-b u ty lb e n z e n e  (1 x 1 0 ”  ^
M) w ere degassed  by  re p e a te d  freeze-thaw  cycles befo re  re c o rd in g  of 
th e  sp ec tra .
Computer sim ulated s p e c tra  w ere done by u se  o f OCPE program  
(Univ of Indiana, 1972, No 209, J. Heinzer). The sim ulation in  F igure
3.2.3 was obtained w ith th e  help  of R.A. Jackson (Univ of Sussex, 
p rogram s C orrelation Match Seek).
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CHAPTER A -  LIPID ANALYSIS
4.1 Oil extraction from h errin g  and mackerel
The frozen  fish  w as thaw ed o v ern ig h t and th e  head  and spine 
rem oved th e  next day. The res id u e  was minced and  s t ir re d  w ith 
sodium su lp h ate  (30 g  in  100 g mince). The d ried  mince was th en  
c en tr ifu g ed  (200 ml fla sk s , 2000 rpm , 20 min) and  th e  u p p e r  layer of 
oil removed w ith a p ip e tte .
4.2 Oil content of fish  meal
The oil co n ten t of the  fish  meal was determ ined  by a 
modification of th e  Bligh and  Dyer p rocedure  (5). Meal (5 g) was 
w eighed in  a c en tr ifu g e  bo ttle  (200 ml) and  chloroform  (20 ml), 
m ethanol (40 ml) and  w ater (16 ml) added. The m ixture was
homogenised w ith an  U ltra tu rrex  fo r 3 m inutes in  an  icebath .
Chloroform (20 ml) w as added  and th e  m ixture hom ogenised fo r one
m inute. Finally, w ater (20 ml) was added and  th e  m ixture was 
homogenised fo r a  fu r th e r  one minute. The sam ple was th en  
cen trifu g ed  (2000 rpm , O ®C, 20 min) and th e  m ethano l/w ater phase 
rem oved. A portion  (10 ml) of th e  chloroform p h ase  was m easured 
w ith  a  p ip e tte  in to  a prew eighed  flask  (100 ml) and  th e  chloroform  
was removed on a  ro ta ry  ev ap o ra to r and finally  on a  vacuum  pump.
4.3 Fatty  acid analysis
The fa tty  acid composition of the  oils an d  th e  chloroform  
ex trac tab le s  from th e  fish  meals were determ ined  by  a s lig h t 
modification of th e  method used  a t th e  T orry  R esearch  Station, All
sam ples w ere k e p t u n d e r  n itro g en  (-20 °C) and w ere analysed  a t the
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same time.
The oil (40-50 mg) was w eighed in to  a flask  (50 ml) and a 
benzene solution (2 ml) of tricosanoic  acid (73.4 mg) and BHT (28.9 
mg) was added. This was followed by  methanoloic sodium hydroxide 
(0.5 M, 7.5 ml). The tricosanoic acid se rv e s  as an  in te rn a l s tan d a rd  
to  g ive an  estim ate of th e  w eight of each fa t ty  acid. The BHT is  an  
an tiox idan t and in h ib its  oxidation d u rin g  sample p rep a ra tio n . A fter 
re flux ing  fo r 30 m inutes, boron trif lu o rid e  in  m ethanol (14%, 7.5 ml) 
was added and th e  solution was re fluxed  fo r a fu r th e r  30 m inutes. 
The f i r s t  reflux period  re leases  th e  fa tty  acids by saponification, and  
th e  second s tep  makes m ethyl e s te r s  u n d e r acidic conditions.
The solution was th e n  cooled, d istilled  w ater (20 ml) was added  
an d  th e  m ixture ex trac ted  w ith hexane (2 x 30 ml). The hexane 
e x tra c ts  w ere washed w ith d istilled  w ater (2 x 15 ml) and dried  w ith 
an h y d ro u s  sodium su lphate . A fter d ilu ting  w ith  hexane (1:6), th e  
so lu tion  was p u t in to  a  crim ped v ia l w ith a ru b b e r  seal.
C hrom atographic an a ly ses w ere c a rr ie d  ou t on a Hewlett 
P ackard  5880 GC, o p e ra ted  in  th e  sp litle ss  mode. The c a r r ie r  gas 
w as n itro g en  a t 17 p s i p re s su re , and  hy d ro g en  and  a ir  w ere a t  
p re s s u re s  of 40 and 20 p si re sp ec tiv e ly . The column was cap illary  
po lar phase Durabond (J & W Scientific Inc ., C alifornia, USA, 0.25 u  
film, 25 m X 0.2 mm id). The in itia l oven tem p era tu re  (SO ®C) was 
held  fo r 3 m inutes, th en  ra ised  to  140 °C a t  25 °C /m in and finally  to  
240 °C a t 3 °C/min. The in je c to r  and  d e tec to r w ere m aintained a t  
300 ®C.
All samples w ere analysed  in  dup licate  w ith two in jec tions from 
each  vial. A fish  oil of a  known com position was used  a s  a s tan d a rd . 
I t s  m ethyl e s te rs  w ere in jec ted  betw een ev e ry  fo u r sam ples and a
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re sp o n se  fac to r was calcu lated  fo r each fa tty  acid by  tak in g  th e  ra tio  
of th e  ob serv ed  value to  th e  known value. By m ultiplying th is  fac to r 
by th e  p e rcen tag e  of fa tty  acid in th e  sample, the  ac tua l composition 
is  ob tained .
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CHAPTER 5 -  AUTOXIDATION EXPERIMENTS I
5.1 General
All oil autoxidation  experim ents w ere done a t th e  same 
tem p era tu re  (30 ®C) on 5 g samples in  conical f la sk s  (25 ml), which J
w ere co n stan tly  shaken . The fish  meal sam ples (40 -  50 g) were
autoxid ised  a t th e  same tem p era tu re  as  th e  oil, in  s ta tio n a ry  conical 
f la sk s  (100 ml). A fter in se r tin g  th e  fla sk s  in  th e  w ater b a th , the
148
J
m anom eters w ere k ep t open fo r one hour to  allow fo r therm al îa
equ ilib ra tion . A fter ev ery  read ing , a ir  exchange in  th e  fla sk s  was 
secu red  by suck ing  a ir  ou t a few tim es and le ttin g  f re s h  a ir in.
To in tro d u ce  th e  an tiox idan ts in to  the  oil, a so lu tion  (usually  in 
hexane) was p re p a re d  and ap p ro p ria te  volume ( 1 - 5  ml) was 
m easured in to  th e  flask  w ith a p ip e tte . The so lv en t was then  
ev ap o ra ted  u n d e r n itro g en  and th e  oil added  and mixed thoroughly .
Two m ethods w ere gen era lly  u sed  to  mix th e  an tio x id an ts  in  th e  fish  
meals. One was based  on add ing  an tiox idant to  a  small am ount of oil 
(same p ro d u ce r as  fish  meal) by th e  method d esc rib ed  ea rlie r and 
th en  mixing th a t w ith th e  meal in a Kenwood k itch en  s t i r r e r .  The 
o th e r  method was to  m easure a volume of th e  an tiox idan t solution 
w ith a  p ip e tte  onto  th e  meal and shake it w ith  a la rg e  amount of 
hexane (200 ml). The hexane was th en  rem oved on a ro ta ry  
ev ap o ra to r u n til th e  sample reached  its  orig inal w eigh t. The contro ls 
w ere tre a te d  th e  same way a s  th e  o th e r samples.
Unless o therw ise  s ta ted , th e  samples w ere autoxid ised  in 
dup lica te  and th e  re s u lts  shown as an  averag e  oxygen up tak e  per 
gram  of oil (estim ated 10% fo r fish  meal).
5.2 Ethoxyquin in fiah q ü b
The effec ts  of ethoxyquin  on th e  au tox idation  of various fish  
oils was s tu d ied , and in  one experim ent com pared to  BHT. In  ano ther 
experim ent th e  e ffec ts  of oxidation level of th e  oil on ethoxyquin 
an tiox idan t a c tiv ity  was s tud ied , E thoxyquin was added  to  m ackerel 
oil a t  d iffe ren t levels of oxygen u p tak e  (O, 20, 50 and  90 /miole/g). 
The ethoxyquin  was mixed in  a small sample (0.5 g) of th e  orig inal oil 
and  th e n  added  to  th e  autoxidised oil su ch  th a t  th e  final
co n cen tra tion  came to  0.1% and th en  th e  sam ple was autoxidised 
fu r th e r .
R esults illu s tra te d  in  F ig u res  5.2,1, 5.2.2 and  5.2.5 are  for 
s ing le  sam ples, b u t th e  con tro ls  w ere in  dup lica te . R esults in  Table
5.2,1 a re  combined from two experiem ents.
5.3 Ethoxyquin in  fish  meal
In  experim ents d escribed  in  F ig u res  5.3.1 and  5.3.2 th e
e thoxyqu in  was added  to  th e  meal by  th e  p rev io u s ly  described  oil 
m ethod. BHT was also added  by th is  method.
The so lven t method of mixing th e  an tio x id an ts  to  th e  meal was 
d esc rib ed  ea rlie r (section  5.1). The so called vacuum  method involved 
ad d in g  th e  an tiox idan t in  a  small am ount of so lv en t onto the  meal.
The meal was th e n  heated  u n d e r vacuum  (90 ®C, 10-15 mm Hg) while
being  ro ta ted .
T hroughout th is  s tu d y  a single sample w as au tox id ised  fo r each 
an tiox idan t concen tra tion , b u t th e  con tro ls w ere in  dup licate .
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5.4 Ethoxyquin nitroxide in o ils
Ethoxyquin nitroxide was added  to  th e  oil as has been 
d esc rib ed  fo r ethoxyquin . A single sample was used  for each a n ti-  
oxidant concen tra tion . ^
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5.5 2.6-D ihydro-2.2.4-trim ethyl-6-quinolone and l.2 -d ihydro-6- 
hydroxy-2.2«4-trimethylquinoline in oils and fish  meal
M ethyl iinoleate (4 x 5 g) was au toxid ised  fo r 4 days (30 ®C) 
befo re  ad d ing  ethoxyquin  (5%) and  fu r th e r  au tox id ising  the  m ixtures |
fo r 4 days. A fter d isso lv ing  th e  sam ples in  hexane (50 ml) and 
e x trac tin g  w ith aqueous hydroch lo ric  acid (4 x 40 ml, 2 M) the  acid 
p h ase  was w ashed with hexane (2 x 75 ml) and  th en  made alkaline 
w ith sodium hydroxide. The alkaline solution was ex tracted  with |
hexane (4 x 100 ml) and th e  hexane e x tra c ts  w ashed w ith w ater (100 
ml), d ried  o v er sodium su lphate , f il te red  and  th e  so lven t was removed 
by  a ro ta ry  ev ap o ra to r to  give a yellow oil (0.78 g). This was 
frac tio n a ted  by p re p a ra tiv e  HPLC (25 cm x 22 mm id , 4% IPO a t 6 
ml/min) and a frac tio n  collected betw een 198 and 228 ml gave a yellow 
solid (1% yield) which was shown to be 2 ,6 -d ih y d ro -2 ,2 ,4 -trim eth y l-6 - J
quinolone. This compound was also made by  oxidation of ethoxyquin
w ith te r t-b u ty lh y d ro p e ro x id e .
Single sam ples of fish  meal con tain ing  th e  antioxidant w ere 
au toxid ised .
l,2 -D ihydro -6 -hydroxy-2 ,2 ,4 -trim ethy lqu ino line  was only te sted  
in  m ackerel oil.
a
5.6 1.8^-Ethoxyquin dimer and 2«4-dim ethyl-6-ethoxyquinoIine in  o ils
Samples of m ackerel oil con tain ing  th e  1,8^-dimer of e thoxyquin  
w ere autoxidised as has been  d esc rib ed  ea rlie r . The e ffec ts  of
2,4 -d im ethy l-6-e thoxyquino line  on autoxidation  of oil w ere examined in 
cod liv e r oil.
151
,J
CHAPTER 6 -  OXIDATION REACTIONS OF ETHOXYQUIN AND SOME OP 
ITS OXIDATION PRODUCTS
6.1 Ethoxyquin reac tio n s
An equimoiar solution of ethoxyquin  and te r t-b u ty lh y d ro ­
peroxide (7.4 X 10*"® M) in  e th an o l was k ep t in th e  d a rk  a t room 
tem p era tu re  and th e  U V -spectrum  (ethoxyquin) was examined over a 
period  of 24 hours.
Methyl iinoleate (2 x 5 g) was autoxidised fo r 120 h o u rs  (30 °C) 
and  ethoxyquin , in f re sh  m ethyl Iinoleate (10.2% in 0.55 g), was th en  
added  such th a t th e  fina l co n cen tra tio n  of e thoxyquin  was 1%.
Samples were examined by  TLC (FE60) for th e  form ation of new 
p ro d u c ts . In  a similar experim ent (ethoxyquin in  m ethyl Iinoleate), 
th e  sample was d issolved in hexane and  ex trac ted  w ith acid and th e  
reac tio n  p ro d u c t iso lated  by HPLC (section  5.5).
South African fish  meal was ex trac ted  by a modified method of 
Bligh & Dyer (5) (section 4.2) a f te r  hav ing  been autoxid ised  (30 °C) 
fo r  60 days in  th e  p resen ce  of e thoxyqu in  (0*5%). Chloroform soluble 
m aterial (0.5 g) was sep a ra ted  b y  p re p a ra tiv e  HPLC (25 cm x 22 mm 
id , 2% IPO a t 5 ml/min) and th e  fra c tio n s  w ere analysed  by analy tical 
HPLC (25 cm x 4.6 mm id , 0.5% IPO a t 1 ml/min, 229 nm).
South African meal was au tox id ised  for one week (30 *^ C) p r io r  
to  add ition  of ethoxyquin  (0.5%). A fter autoxidation fo r a  fu r th e r  one 
week the  chloroform  soluble m aterial was ex trac ted  w ith acid a s  in  
th e  p rev ious experim ent. The re la tiv e  am ounts of ethoxyquin  and  |
2 ,6 -d ihydro -2 ,2 ,4 -trim ethy l-6 -qu ino lone  w ere th e n  estim ated by 
analy tica l HPLC (25 cm x 4.6 mm id , 2% IPO a t 2ml/min). The re la tiv e  
re sp o n se  a t 254 nm was estim ated  by  u sing  so lu tions of th e  p u re
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com pounds.
A solution of 2,4-^ *C -ethoxyquin (0.308 g) in hexane (500 ml) 
was shaken  with South A frican meal (300 g) fo r 1 m inute. The 
hexane was then  rem oved on a ro ta ry  evaporato r and  th e  sample k e p t 1
a t 25-30 in an open b eak er. Samples (2 x 5 g) w ere tak en  over a 
period  of 9 w eeks, hom ogenised with a m ixture of m ethanol, 
chloroform  and 1.0 M aq ueous hydroch loric  acid (50/20/15 ml, 3 min) 
and  cen trifu g ed  (20 min). The re s id u a l solids w ere re tre a te d  tw ice |
(homogenised for 1 m inute) and  th e  combined so lu tions made up  to  
volume in  methanol (250 ml, Total ex tract). Samples (1 ml) w ere 
tak en , th e  solvent rem oved and  th e  rad ioactiv ity  was m easured . Most 
o f th e  solvent from  th e  rem ain ing  solution was th en  rem oved on th e  
ro ta ry  evaporato r. The re s id u e  was mixed with hexane (50 ml) and 
ex trac ted  with aqueous hy d ro ch lo ric  acid (1 M, 25 ml) and  th e  o rgan ic  
lay e r was trea ted  twice more w ith hexane (50 ml) and  hydroch lo ric  
acid  (1 M, 25 ml). The hexane solution was finally  w ashed with 
aqueous hydrochloric  acid  (1 M, 3 x 25 ml), d ried  over sodium 
su lp h a te  and made up  to  volume (250 ml, Hexane 1).
The combined acid e x tra c ts  w ere made alkaline w ith aqueous 
sodium hydroxide (2 M), e x trac ted  w ith hexane (3 x 100 ml) which 
th e n  was washed w ith aqueous sodium hydroxide (1 M, 2 x 100 ml), 
d ried  over sodium su lp h a te  and  made up  to volume (500 ml, Hexane 
2). Radioactivity m easurem ents w ere done on Hexane 1 (2 ml) and 
Hexane 2 (10 ml) a f te r  rem oving th e  solvent. The rem ains of Hexane 
2 (480 ml) were th en  red u ced  to  1 ml and sep a ra ted  in to  frac tio n s  (2 
ml) by  p rep a ra tiv e  HPLC (25 cm x 10 mm id, 2% IPO a t 2 ml/min) and 
a  po rtion  (0,5 ml) of each frac tio n  was used  fo r rad io ac tiv ity  
m easurem ents.
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îA portion  of th e  meal a f te r  ex traction  was d ried  u n d e r  vacuum  
and a small sample (0.1 g)  was d igested  in  aqueous sodium hydrox ide  
(2 M, 10 ml, 80 fo r 24 h o u rs). The rad ioactiv ity  of a  po rtio n  ( 1 “I
ml) of th e  d ig est was th e n  determ ined.
6.3 GC-MS experim ents
South A frican oil was au toxid ised  (40 °C) fo r 2 days before  
adddition  of e thoxyqu in  o r some of its  oxidation p ro d u c ts  (0.1%). 
A fter fu r th e r  au tox idation  fo r 4 days, each sample was d isso lved  in 
hexane (150 ml) and  e x tra c te d  w ith aqueous hydroch lo ric  acid (1 M, 2 
X 100 ml) and  th e  aq u eo u s p h ase  was th en  washed w ith hexane (2 x 
75 ml). A fter m aking th e  acid phase  alkaline w ith aqueous sodium 
hydroxide (I M), i t  w as e x tra c te d  with hexane (2 x 100 ml). The 
hexane was w ashed w ith  aq ueous sodium hydroxide (1 M, 50 ml) 
before  d ry in g  ov er sodium su lp h a te , and each sample was analy sed  
by  GC-MS.
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CHAPTER 7 -  INHIBITION OF AIBN INITIATED AUTOXIDATION OF |
METHYL LINOLEATE BY ETHOXYQUIN AND THREE OP ITS OXIDATION 
PRODUCTS
M ethyl Iinoleate (Sigma, 99%) was found to be free  of oxidation |
p ro d u c ts  by TLC. AIBN (2 ,2*-bis(isobutyronitrile), P luka AG) was 
u sed  as  obtained and  ch lorobenzene was red istilled  before use,
E thoxyquin and re la ted  com pounds w ere p u rified  as  d esc rib ed  
e a r lie r  (C hapter 2). BHT (BDH) was freed  from oxidation p ro d u c ts  by  
p a ss in g  it th ro u g h  a silica column w ith petroleum  e th e r . I t  was th e n  
found  to be p u re  by  TLC.
For a typ ica l oxidation m easurem ent, a  petroleum  e th e r  so lu tion  
of th e  antioxidant (d ie thy l e th e r  w as re q u ired  fo r l,2 -d ih y d ro -6 - 
hydroxy-2 ,2 ,4 -trim ethy lqu ino line) was m easured into a  c a lib ra ted  fla sk  
(25 ml). A fter rem oving th e  so lven t by  blowing with n itro g en , m ethyl 
Iinoleate (0,25 g) was a cc u ra te ly  w eighed in to  th e  flask , AIBN in  
ch lorobenzene (1 ml, 5.8 x 10"^ M) was added and mixing secu red  by  
g en tly  ro ta tin g  the  flask .
A fter in se r tin g  th e  f la sk s , jo ined to  the  manom eters, in to  th e  
w ater ba th , a period  of 10-15 m inutes was allowed fo r therm al 
equ ilib ra tion . The re s u lts  w ere th e n  extrapolated  to  zero  time. A 
fla sk  contain ing  only th e  AIBN solu tion  served  as  a  therm obarom eter, 
and  it  also c o rrec ts  fo r  n itro g en  evolved and oxygen ab so rb ed  by  ]
th e  in itia to r.
The manometric flu id  was a  solution of NaBr (44 g),
bromothymol blue (0.3 g) an d  Micro (0.3 g , d e te rg en t) in  w ater (1000 
ml) to  give a d en sity  1.033 g /m l (10000 mm/atm).
To secu re  maximum rad ica l e ffic iency  all fla sk s  w ere silanized
befo re  each use  so th a t  "w all-effects"  were minimised*
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